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I  -ffloh  to  return  Liy  sincere  thanXa  to  Profesa- 
or  Howell,  at  ffhose  sugp;e3tlon  this  worX  w^uj  iindertalc.-n, 
and  whose  kind  su.ervlslor,  and  advlc:  was  a  constant 
help  and  encouraK^^raent  at  every  st^ep  of  Its  propiress. 
I  am  also  Indebted  to  hln  for  his  generosity  in  pro- 
viding; a  subject  for  the  first  series  of  experluients. 
I  ara  also  indebted  to  Proj essor  E. A. Pace  of  the  Catho- 
lic University  for  r.iany  valuable  su;?;Rest  ions  on  the 
Psychological  aspects  of  the  problem;  and  to  xlev.C.A. 
Rar-un  for  su?;s2;est  Ions  in  the  construction  of  the  appar- 
atu'5  as  well  as  for  the  three  accompany inj?;  dra-Arinpis. 

I  nust  also  take  this  opportunity  of  thanXing 
the  you.';p;  Gentlevien  of  st.Ilary's  Seminary ,'Yho  generous- 
ly placed  their  tine  at  ny  disposal,  acting  as  subjects 
for  the  second  series  of  experiments;  ny  thanks  being 
due  m  a  special  manner  to  ::essrs.  Rie  "el  and  Beavan 
who  not  only  acted  as  subjects  in  a  number  of  experi- 
ments, but  who  also  assisted  me  in  the  laborious  task 
of  tabulating  the  results,  and  plotting  the  curves. 


Attempts  have  been  made  fron  time  to  tine  to 
determine  the  effects  produced  by  various  sensitlons  on 

the  olroulatlon  of  the  blood.  In  1377,  a  series  of  ex- 

M 
perlnents  wsi^  conducted  by  Mk.  Gouty  and  Charpentler, 

under  the  direction  of  I'. Vulpian,!  )  In  the  hope  of  ob- 
taining a  more  exact  determination  of  these  disturban- 
ces. They  used  curarlzed  dogs  with  artificial  respira- 
tion and  recorded  the  results  on  a  kymograph  in  the 
usual  manner  by  neans  of  a  mercury  manometer  in  connec- 
tion with  an  artery.  On  stimulating  the  various  organs 
of  special  sense  t^ey  obtainerl  cardio-vascular   reac- 
tions similar  in  many  respects  to  those  usually  obtain- 
ed^ by  stlr.iulating  sensory  nerves,  but  differing  mark- 


I  )  De  1 '  influence  des  excitations  dos  ortfans  des  sens 
sur  le  coeur  et  ;;ur  Ics  valsseaux  (ri^se'^rch  exp.faltes 
dans  le  lab.  d.l'. Vulpian)  note  d. HI!. Gouty  et  Gharpen- 
tler,  presentespar  '.':. Vulpian.  Compt  R.T.85.1Io.S.P.IoI. 


edly  from  thene  In  their  greater  variability  In  both 
form  and  intensity  under  the  same  stimuli. 

Both  pneuni;\gastrlo  nerves  were  then  severed. 
Sensory  stimulation  continued  to  produce  its  usual  9f- 
feot  on  arterial  tension,  but  ceased  to  produc-  any 
effect  on  the  heart.  This  convinced  them  of  the  fact 
that  the  heart  disturbances  and  vasvo-motor  changes 
ware  med Hated  by  distinct  mechanisms. 

The  cerei ral  cortex  of  fresh  subjects   was 
then  shut  out  by  pressure,  by  injection,  and  by  light 
doses  of  chloral-hydrate.  In  every  case  stimulation 
of  the  organs  of  sense  failed  to  produce  any  effect, 
either  on  the  heart  or  on  arterial  pressure,  while 
the  direct  stimulation  of  a  percpheral  nerve, such  as 
the  sciatic, continued  to  produce  its  U3ual  effect. 
From  these  facts  they  concluded  that  the  cardio-vas- 
cular  disturbances  accompanying  sensory  stlnualtion 
are  not  due  directly  to  sensation  It self, but  to  a  con- 
tingent cerebral  activity  ^vhich  they  callfieriotion. 


ExperlncntG  of  this  nature,   hCTever     valuable 
In  f'lemGelveis,   will   hardly  be  rer;arded  as     sufficient 
data   from   TlUch  to   draT  oo;. elusions  as  to   the     nature 
and  extent   of  the  cardlo-vascular  chanf^es  acconii^anying 
sensations   in  nan.    Even   If   it   be  granted. that   cerebral 
activity   Is  the   lnr.iedlate  cause  of  the  cardlo-vascular 
changes   in  both  man  and  dog,    it   does  not   follow     that 
these  changes  will  be  the  same,    since   It    is  not     even 
probable  that   the  cerei  ral  aotlvltlt^s  accompanying   sen- 
sation  in  both  cases  are   identical,   eitlier  in  l<:ind     or 
dxtent . 

In  1830  Dogiol,    I)  attempted,   by  means  of  the 
plethysraograph^to   st\xdy  the  effects  of  music  on  the  cir- 
culation of  the  blood   in  ran.    The  apparatus  used   contain- 
ed  so  iTiany  sources  of  error  that   even  the  meagre  result. i 
obtained   can  scarcely  be   regarded  as  reliable.    It    is  to 
Iv'osso's  2)  researches  we  are  chiefly   inde'i  ted  for  what 


1)  Archiv   fur   Anat.und  Erit.wloX-.Physlol.Abt  .1330,  s. 430 
folg. 

2)  Krio3la\if  des  Blutes,ln  I.IensohlicheTi  Gehlrn.Von   A. 
Hon so  Llepttig  I 38 I. 


deflnAte  Inforioatlon  we  possess  cor.coiTilnp;  the  correla- 
tion of  cerebral  IXuict  ion  and  cardlo-vasouiar  changes 
In  rjan,iut  our  literature  on  tlie  whole  subject  or  the 
changes  produced  In  the  clrculaltion  in  response  to  var- 
ious sensations  is  still  very  raeap;re.  This  is  particu- 
larly true  01  olfactory  sensations.  The  present   re- 
search was  underj^ta"!cen  In  the  hope  of  throwlnp;   some 
llF^ht  on  this  problem. 

The  forri  of  plethysmoi-raph  devised  by  I.Iosso 
was  first  used  and  the  volurae  changes  in  the  arm  re- 
corded on  a  drum -Kymograph;  but  it  soon  became  evident 
that  several  sources  of  error  v/ould  have  to  be  elimi- 
nated before  accurate  measurements  could  be  obtained. 
The  posslclllty  of  movinp;  the  arm  Into,  or  out  of  the 
cylinder  during  the  experiment  must  be  removed.  It  is 
not  sufficient  to  request  the  subject  to  sit  quietly, 
nor  even  to  support  his  head  and  arm  as  Dogiel  I  )did. 
The  voluntary  effort  required  to  sit  Immovable  is  il- 

I)  Dogiol  op.cit  .p.  4^2y 


self  a  disturi. IniT  factor  In  the  circulation  oj"  the 
blood.  Besides  It  Is  ImposslLle  to  preverit  movoinent 
of  the  arm  for  any  considerable  time,   ;Jlnce  normal 
respiration  moves  the  arm.  IIos:>o*o  I)  plan  of  sus- 
pendlnp;  the  cylinder  from  the  ceiling  and  allowing 
It  to  follov;  the  movement  of  the  arm  Is  much  let- 
ter, but  even  here  the  Inertia  of  the  cylinder  fill- 
ed with  water  offers  sufficient  reslst-mce  to  the 
movements  of  the  arm  to  produce  quits  a  perceptable 
error.  I  thin':<  It  probaMi?  that  the  respiratory  waves 
Jl)  often  obtained  by  the  plethysnograph  arcj  due  in 
greater  measure  to  this  raoveiaent  of  the  anu  than 
to  the  change  In  its  volume  o:f'  blood.  During  tlie 
early  part  of  the  present  research,  I  frequently 
obtained  mar'ced  respiratory  ■7aves,  but  in  every 
case  I  was  able  to  trace  them  to  this  movement  of 
the  arm, and  when  the  move  ent  wa  ;  prevented  the  res- 
piratory waves  were  vei'y  m\ich  dVnlnlshed  if  not   en- 


1 )  l.Iosso    op.clt .;-. 

2)  Doglel   op.  c  it.  i..  435 


tlrely  removed. 

A  second  simroe  ox  error  lloj  In  the  fact  that 
every  increase  of  prosaiire  In  the  cylinder  tends   to 
f ore  :■  the  arra  out  of  It,  and  every  dlniution  O'  pressure 
exerts  an  opposite  influence.  Tlv?  play  of  these  oppos- 
inp;  forces  is  felt  very  distinctly  on  the  enclosed  arra 
during  eac;^.  pulse-beat;  and  '.vhen  the  resulting  raoteenent 
of  the  arra  is  prevented, the  record  of  the  pulse-wave  is 
very  much  arapllfied.  This  source  or  error  Is  still  more 
marked  in  sudden,  large  va so-motor  changes;  nor  can  It 
be  eliminated  by  making  the  rubber  sleeve  so  tight  that 
it  -,7111  not  slip  on  the  arm;  for  apart  from  t'ne  t^ro  ob- 
vious objections  to  this  mode  of  proc|(edure,  that  the 
arm  should  be  oiled  to  prevent  it  i"rom  becoming  enderiai- 
tou3,and  that  a  tight  sleeve  interferes  with  normal  olr- 
culation,  thf;  elastic  sleeve  itself  lengthens  and  short- 
ens in  response  to  changing  pressure  in  the  cylinder. 

There  Is  still  anol/iier  source  of  error  connect- 
ed :7lth  this  mode  of  closing  the  cylinder,  which  remali:s 
even  after  all  nove-.,ent  ^  of  the   arm  into  or  out   of  tjie 
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cylinder  have  been  prevented.  If  the  arm  dooc;  not   fit 
the  nouth  of  the  cylinder  snugly,  the  portion  oi      the 
elastic  sleeve  'ueU'reer.   tj-,o  arm  and  the  cylinder  will 
yield  to  each  change  of  pres;"iure  in  the  cylinder.  The 
panting  of  tills  nem'i.rane  in  response  to  the  pulse  may 
be  seen  by  the  lanalded  eye.  If  the  mouth  oi'  the  oy Un- 
der be  large  enough  to  alio?/  the  el"i.o-;  to  enter,   It 
will  usually  be  found  much  too  large  to  fit  the  upper 
arm.  T;Us  '.7as  very  conspicuously  the  case  in  the  cy- 
linder used  'i  y  Dogiel.I)  If  the  cylinder  terminates 
over  the  large  riuscl  s  of  the  fore-arm  as  I'osso  2) 
raalces  it  do,  it  can  be  i;ade  to  fit  the  arm  snugly, but 
another  source  of  error  maKes  its  appearance.   Every 
moveuent  of  th.e  enclosed  fingers  v/ithrlra-.vs   muscle 
from  the  cylinder  or  Introduces  muscle  into  it. 

Figure  I  Is  a  s'cetch  of  a  device  for  removing 
these  sources  oi:  error.  Tlie  sane  is  sho-.-rn  in  plate  III 
The  lettering  is  the  same   in  bolh. 


I  )-ft=t«=tJS^.0p.Clt,p.^j2^ 
2)  !'0330. 
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One   end   of  suitable  sized   niober   sleeve  S ,    la  drawn 
over  the  arm-ayllndor  and   fastened   In  position     by  a 
llgat\ire,    A  metal   ring  R,    larg'.-   v?no\igh  to  pass     read- 
ily over  the  flange   Is  oeiiientod   Into  tlie  other  end  of 
th?   sleeve.   By  the  aid  of  this  ring  the   sleeve   Is  read- 
ily doubled  back  over  the  flange  of  the  cylinder , where 
It   renair.s  until  the  arm  has  'uean  put    Into  position  In 
the   cylinder,    A  hard   riibter  '.7ri:5tlet   w,   provided     77lth 
a  hinge  and  rjlasp,    fit;?  around  the  •■rrlut.A   soft   band  B. 
passes  from  one   side  of  thl:5  :vrl:jtlet   betv;cen  the  thumb 
and    lndi?x  finger  and   1;;  bucl^led  to  the  other     side     of 
the  -.vrlstlet   as  tlr:htly  as   comfort  \7lll  permit. A  second 
hard   rulber  ring   A.   provide;-  -.vlth  hinge  and   clasp,    fits 
the  arm  above  the   eli.ov,'.    This  ring   is  rigidly   connected 
TTlth  the  '>7rl3tlet   by  two  metal   rods  T:  ■:.    A  shciilder  G, 
1;',   cut    in' o   one  face  of  "his  ring   so  as  to  iiaKe   It   fit 
Into  and  against   the?  mouth  of  the  cylinder. The   lace  ii. 
of  the  ring   Is   shaped    so  as  to  '<:e'?p  the   x^ubber   sleeve 
t-&^t   do":n  to  the  point  '.vherc   It  meets  the  arm.      V/hen 
th^  arm  has  been   Introduced   Into  the  cylinder  and  the 


arm  ring  fitted  intj  ita  plane,  tho  rubbor  aleevo  la 
dravm  dovm  over  It.  T?fo  hard-rubber  rlngu  C  and  D,  rl#- 
p;ldly  connected  by  2  netal  roda  N.Ji'  and  provided  V7lth 
hinges  and  claop;^  are  then  fastened  outside  the  rubber 
sleeve.  One  of  these  rings  C,  rests  against  the  flange 
of  the  cylinder;  the  ot?.cr,  D.  fits  tightly  against  the 
outer  surface  of  the  arm  ring. 

Th^' ana- holder  reduces  to  a  nlnlr.iLm,if  It  does 
not  entirely  remove,  the  »wsovirces  of  error  discussed 
above.  All  moveinents  of  the  elastic  sleeve  are  render- 
ed iraposslb'le.  The  arm  holder  is  made  absolutely  rig- 
id to  the  cylinder.  The  'Trlstlejr  :7lth  its  tight  band 
between  thumb  and  index-finger  prevents  the  ari::  from 
moving  In  the  holder.  As  the  enclosed  arm  cannot  bend, 
no  muscle  can  be  v/ithdravm  from  the  cylinder  or  intro- 
duced into  1^  . 

The  arv.i  was  nov;  found  to  change  in  volume  a-^ 
bout  I  c.c.  at  each  pulse  beat.  Tills  introduced  a  new 
dlff lc:-.lty  in  the  recording  apparatus.  It  will  be  re- 
membered that  in  I.Iosso's  I)  plethysmo:'raph  .the  volur.ie 

I)  l.!os -.0  sur  la  vj^s.ulo  Archlv  Italler.  vol.       p. 
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changes  vroT'j  recorded  "(.y  riean;^  of  a   test-tuLe   omipcnded 
m  a  beaXer  of  vmter  or   ^one   liquid  of  suitable   specific 
(gravity.    The  tost-tuLe   lr>   count erpolsed  Ly  a      suitable 
'.TelRht    carry  in?';  th;  record  im^  needle  arid   connected  with 
the  test-tuto  Ly  t?;o  thread;3  passing  over  a  pulley. how- 
ever well   this  arranf^einent  la-iy   ;3erve  for  recording   sIot/ 
changes,    its   inadequacy  for  recordlnp;  such  chann;es     as 
we  are  here  deiling  with  l3  evident.   The   Introduction 
and  wlthdra\val   fron  the  test-tube  of  a   c.o.    of  water 
5  0  to   100  tineo  a  nnnute  seta  up  considerable     motion 
In  the  water  in  the  bealcer,  where  every  laotion   Is     a 
sovirce  of  error,   besides  the  system  has  a  period     of 
its  o-^n  which  sometimes  neutralizes  the  puis?  effects 
and  at   other  times  combines  with  them  to  produce  great- 
ly  exaggerated  excursions  of  the  test-tube,   as  happens 
in  the  production  of  tone-beats.   The  great    inertia     of 
the  system  also  prevents   it   from  recording     accurately 
such  rapid   changes    in  volume. 

Thte  nct/.od  adapted  ly  Professor  -■...•.Bowditch,  I ) 

DBowdltch.       ^z.-^.^r.^^   Y    <A^-  -"^^'^^^^'^//^^^^ 
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of  suspendlnp;  the  te:3t-tube  fron  a  spiral  spring  Is  raoro 
convenient .  Tills  i;;ove.3  the  error  "/hich  in  llosso'a  plan, 
arrises  from  thi-;  motion  of  the  water  In  the  L-eaKor,It  il- 
so  materially  lessens  the  Inertia  of  the  systera.  But  the 
great  Inertia  still  remaining  and  esp.solaxly  the  perio- 
dicity of  th(?  spring  compelled  me  to  seeX  some  other  me- 
thod of  recording.  I  had  recourise  to  a  -.vater  manometer 
of  large  bore,  connected  '.7ith  the  cylinder  by  a  •:vlde,in- 
dlstonsible  tiibe.  A  light  and  very  buoyant  float  2)   was 
used  to  carry  t"e  recording  needle.  Thlij  system,  beibg 
rigid, and  having  no  period  of  its  o-.Tn, except  that  due 
to  the  float, gave  a  fairly  accurate  record  07?  the  chang- 
es occui;lng  in  the  volume  of  the  arm  but  it  introdaced 
a  new  source  of  error  v/hioh  compelled  me  to  abandon  its 
use.  The  level  of  the  water  in  the  manometer-tube,  de- 
termines the  pressure  which  the  water  in  the  cylinder 
exerts  on  the  arm, At  the  beginning  of  the  experiment 
every  the  manomet.jr  may  i.e  set  soas  to  exer"  the  pro- 
per pressure.  But  in  the  course  of  the  ex'perlment 
every  ciiange  in  the  volume  of  the  arm  will  cause  a 
change  of 
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pressure  or.  its  surface,  Th«?  arm  sonetimos  ohangos  20 
or  3  0  Co.  lu  volume  in  a  fev;  ^^e'londs.  This  of  course, 
causes  a  correspond inp;  chanpjo  in  the  level  of  the  water 
In  the  menometer  tubo,  -/hlch  in  turn  altera  very  consld- 
eracly  the  pres->ure  on  the  ami,  nor  can  this  factor  be 
neglected.  I  found  that  the  change  of  pressiire  due  to  a 
few  centlnetiers  change  in  the  level  of  tho  rater  in  the 
nanometer  caused  a  very  large  change  in  the  volume  of 
blood  m  the  irm.  T;us  is  ?;hat  ^ve  -vould  expect  from  the 
lov  blood  pressure  in  the  capillaries  \ivl  veins. 

Lehrvar.n  I  )  gives  the  follo-.ving  acoouiit  of  the 
apparatus  used  by  him  in  invest i '-gating  the  effects  of 
sensory  stlnulatlon.  I  quote  his  description  in  full 
since  I  shall  have  occasion  to  refer  to  the  results 
obtained  later  on. 

"  T;ifr  ha  ben  nun  die  Aufgabe  auf  die  Bestim- 
mung  der  Atcmbe'7egiingen,des  iierzschlap:es  und  des  Vol- 
unens  elnes  elnzelnen  Gllednasses,z.B.  oines  Amies 

I)  Lehnann,  Konchliches  jiefuhla,  lebens.  Lelpzlfl..  1892. 
page  77,    ^  ^ 
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reduziert.   Die  erste  Bestlraraung  l.';t  mlttels  des  >$»neui:io- 
grapiien  lelcht  auszufuhren,wahrend  die  belden  letzten 
sln'n  mlttols  Hosgos  Plethysmographen  zusanir::en  ausfuhren 
lassen.Dleser  uesteht  aus  elncn  ari  elr.cn  Ende  geschlos- 
senen  Rohr,day  eben  welt   genug   Ist,   den  Arm  zu     umsch- 
lle^sen,der  durch  elnon  Giiramlarrael  v;asserdlcht  mlt   dem 
Ro'nr  verLunden  vwd.   Durrjh  eln  seltenrohr  -vlrd  das  ganzc 
Roh^,nachder.i  der  Arm  In  die  rochte  Stellung  gebraoht 
1st, nit  Vi'asser  gefullt,imd  hlerauf  wlrd  das  Seltenrohr 
durch  elnen  Guramlsohlauoh  rait   elnen  Llareyschen  schrelb- 
apparat  (tsunbour  enreglstreur )   in  Verblndung  gebraoht. 

M 

Jede  Verandenmg  des  Armvoliunens  bewlrXt  elnc  Hebimg 
Oder  Senkung  des  T/assersjduroh  welohe  die  Luft  Im 
Sohlau6h  \md  Ira  Sohrelbapparat  beelnflii:(^st  wlrd,  irnd 
die  Beweguns;  wlrd  dalon  von  dem  Stlfte  des  Sohrelbap- 
parates  auf  elne  rotierende  Walze  (das  r^/mof^raphlon) 
gezeichnet. " 

This  seeias  to  be  a  Itosso  ilydrosphy graph  I  ) 
in  which  the  bottle  for  keeping  the  pressurtj  constant 
I)   DlagriOstlTc  des  Pulses, von  Dr. A. KosoO. Leipzig   1379, 
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has  been  omitted  so  as  to  coirrpcli  the  taml-our  to  regis- 
ter both  pulse  and  vaso-raotor  effects.  In  both  these 
forms  of  apparatus  the  pressure  on  the  arm  is  too  high. 
The  air  cushion  Is  at  the  top  of  the  oylincler;tho  -rhole 
arm  Is  consequently  under  a  positive  pressure  of  some 
centimeters  of  water.  The  under  surface  of  the  arm  -lan 
scarcely  be  under  a  pressure  of  le33  than  12  cm.   If 
the  cylinder  be  larp;e  enough  to  extend  above  the  elbo-:T, 
as  It  should  do ' In  order  to  escape  a  source  of  error 
mentioned  above,  this  pressure  Is  lilcely  to  be  still 
higher. 

The  form  used  by  Lehraanr.  Introdiiceo  anotiier 
grave  source  of  error.  In  dispensir.g  with  the  press- 
ure bottle, the  tamLour  and  cylinder  are  rendered  a 
closed  system,  in  which  every  change  or   volurae  In  the 
arm  alters  the  pressure  on  Its  surface.  I:^  as  some- 
times happens  25  or  30  c.c.  of  blood  be  added  to  the 
volume  of  the  arm,  the  dlst.onslon  of  .he  membrane  of 
the  tambour, necessary  to  mal<:e  room  for  t;iis  increased 
volum.^  of  blood,  would  exert  a  considerable  pressure 
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on  the  am. 

Besides  f-.e  sources  of  etror  en]^\imerated  In 
connection  -.vith  each  of  the  forms  of  apparatus  discuss- 
ed above  t'ere  is  a  defect  coirrriv^n  to  them  all.  We  l-,ave 
seen  that  the  clmn^es  In  volvirie  of  blood  In  ti^.e  am. are 
due  to  at  least  two  dlstlr.ct  sourc^-s;  changes  In  the 
hearts  action,  and  changes  In  the  callb4r  of  peripher- 
al vessels. It  Is  therefore  highly  desirable  that  the 
record  of  these  two  effects  be  kept  as  distinct  as  pos- 
sible.V/henever, as  Is  the  case  with  each  of  these  forms 
of  apparatus,  the  same  needle  Is  made  to  record   the 
pulse  and  the  gros:3  volume  changes, these  effects  par- 
tially riasX  each  other  and  do  not  stand  out  as   dis- 
tinctly as  they  should.  This  Is  Illustrated  very  well 
by  many  of  the  curves  published  In  Lehmann's  work.  I 
have  a  large  r.  anber  of  similar  curves  in  my  orrn  posses- 
sion, which  I  obtained  by  the  use  of  these  forms  of  ap- 
paratus. 

Prom  -Tnat  has  been  said,  it  Is  evident   that 
an  efficient  appara-'us  for  recording  the  voluiie  changes 
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in  the  am,  racist  at  least,  neet  the  follo-nr.p;  three  re- 
quirements, I  St.  The  pulse  and  vaso-notor  eff^•cts  should 
be  recorded  separately.  2  dly. The  apparatus  for  record- 
ing the  rapid  and  rhytiirilo  ohanf^e.s  of  volurie  due  to  the 
pulse  shoiild  have  vorv  little  inertia  and  no  periodi- 
city. Z   dlv.  The  pressure  exerted  on  the  am  should  be 
as  nearly  non-ial  a:>  pos  ;iLle,  and  nust  rer.iain  constant 
durin-"  all  chanties  of  vol;une  which  may  occur  in  the  am. 
Thes?  requirements  are  met  fairly  well  by  the  follo-frmg 
arrangement . 

A  lojig  metal  tube  A  (Plate  I)  is  slipped  over 
an  upright, U. to  ?:hich  it  is  fastened  by  a  olanp  C.  The 
top  of  the  uptii'tht  is  held  in  position  by  two  metal  rods 
M.M, '  which  na:<e^  it  rigid  to  th.e  •.-rooden  screen  inter- 
posed between  the  subject  and  the  l^mo.'^raph.  A   short 
metal  tule  B,is  supported  in  a  vertical  position  by  two 
clamps  D.D'-fhic'^  make  it  rigid  to  the  upper  end  of  tube 
A,  One  end  of  a  long  close  spiral  S.  of  i;o.5  piar.o-wire 
is  slipp.-'d  over  the  lower  end  of  the  tui  e  B.  and  fasten- 
ed to  it  by  a  clamp  E.  Two  r/ires  F.F.  '  pass  down  from 
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the  free  end  of  the  spltal  and  are  fas^tened  Ly  two  small 
binding  screws  to  a  lirht,hard  rubber  rint^  R,   7t   I  Inchj^ 
In  diameter.  By  suitable  siaod  oorX-oollars,  various  siz- 
ed, test-tubes  may  be  suspended  from  this  ring. The  slipp- 
Ing  of  the  '.7ire  under  olamr-  E,  permits  the  length    of 
spiral  to  be  so  adjusted  that  the  levv;l  of  tho  ?rator  in 
the  suspended  test-tube  'Till  remain  constant  while  the 
quantity  of  water  in  the  test-tube  varies.  One  arm  of  a 
long  glass  syphon  G,  is  passed  do-.m  through  tube  B, 
thence  through  the  center  of  the  spiral  S,  and  dipped  a 
fevr  Millimeters  beneath  th.5  s^irface  of  the  -^ater  in  the 
test-tule  T.  The  syphon  is  centered  aiid  hold  in  position 
by  six  set^j^  screvrs  passing  through  tube  B.  An  indistensi- 
ble  tube  H,l,  connects  the  other  enu  of  the  syphon  with 
the  arm  cylinder,  Thi?  four  rra^  J,  interjected  in   this 
tube  ^.7111  receive  attention  later. 

This  is  essentially  the  same  as  the  apparatus 
described  ly  Professor  :?o-.7dltch,  to  vhich  x-eference  has. 
already  been  made.  Its  inertia  unfits  it  i'or  rt?cording 
the  changes  In  volume  due  to  the  pulse. Its  perudlclty 
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combining  -.vlth  the  rhythitilo  inilse  at  tine.;  neutrallzoa 
the  pulae  effects  and  at  other  time:?  corablne3  with  them 
to  produce  greatly  exaggerated  cxcurslo::s  of  the  teat 
tube.  Tli.e  pulse  and  vaso-notor  effects  also,  partlaliy 
naslc  each  other.  The  pulse  effects  are  the  disturbing 
factor  m  each  ca.'je,  IT  they  be  renoved  from  the  test- 
tube  and  re:;orded   separately,   the   Instrunent    is     '.Tell 

adapted  for  reglsterln,"  the  vaso-notor  effects. 

is  c 

This,  attained  by  the  follo-yrlng  devlfte;   a  ^Ide 

glass  piston-tube   K,  is   supported   In  a  vertical  position 
beside  the  arn-cylinder ,   7;lth  the  bottom  of  v.'hlch     com- 
munlci.tes  freely.    The  upper  end   of  the  tube   is     encased 
In  a  metal   cap  L,   ',vhich/:-erforated  to  allo:v  free     play 
to  the  hollow  piston-rod  N,    and  free  cormunlcatlon     be- 
t?reen  the  air   In  the  upper  end  of  the  piston-t\ibe     and 
the  atiiiosphere.   From  this  cap  t;vo  metal   rods   0,0,      par- 
allel with  the  p'. ston-tube  extends  upward  about    I    inch 
and  hold    In  place  a  v/asher  V;,   vrnlch  encircles  the     pis- 
ton-rod.  Bet'vcen  t>.e  ^,7asher  and  the  cap   a  milled  nat    Q, 
fits  on  th  ?  piston-rod  -r'nlc/n   is  t^i.readed   from  6nd  to   endr 
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The  piston-rod  N,    la  a  metal  tuLe  i/b   Inoh   In     dlaraetor 
Thlch  extends  through  an  other-vfise  air  tif^ht   piston  P, 
In  th..'  piston-tube.    A  small   lndlst.;nsiLie  tube  V,      con- 
nects the  up^er  end  of  the  piston-rod  v;lth  a   Ilaroy   ";un- 
bour  X.    A  T-way^Y,   provided  with  2  stopcocks   A, i:, Inter- 
posed  In  the  courdo  of  this  tube  permits  connection  be- 
tween the  air  cushion  below  the  piston  and  the  tambour 
or  the  atmosphere  to  be  made  or  broken  as  desired.        A 
milled  nut    Q.  '    flttmp;  the  piston-rod  above  the  washer, 
oarrle;]  an   indicator  -ml^h  passes  down  through  a  perfor- 
ation  m  the  rasher,   thence  through  a  perforation  in 
the  flai:gc  of  the  metal   cap  and   ternlnates  belov/  the   lev- 
el of  the  piston.    The  distance  between  the  point     of  the 
Indicator  and  the  lo'jer  surface  of  the  piston  is  the  ver- 
tical height   of  the  air-cushion.    It    can  be  set   at   any   de- 
sired distance  by  means  of  the  nut    Q.  '   since  the     indica- 
tor  i!3  carried  by  the  piston-rod,   fne  distance     between 
it   and  the  piston  reiialiis  constant  whatever     allorations 
may  be  rade  ±evei   e§  ^h^-   in  the  1  .^vel   of  tiie     piston. 
The   level   of  the  -rater   Hi  the  piston-rtube  when  the     air 
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cushion  Is  In  ooiTTumicat Ion  'Tith  the  atmosphere, Indica- 
tes the  pre;3;>nre  cxerttjc!  Ly  the  -.vat  r  on  the  surface  of 
the  encloaed  am.  For  convonience  In  regloturlng  this 
pressure  a  centimeter  scale  Is  affixed  to  the  side  of 
the  plston-tuue. 

The  arn  cylinder  Is  of  the  usual  form. A  flexl- 
ble  metal  band  Y,  encircles  the  cylinder  near  one  end, 

^ 
and  is  closed  over  the  upper  s\irface  of  the  cylinder  by 

a  nut  and  bolt.  To  t:;ls  bolt  are  also  fastened  2  chains 
v/hlch  pass  around  the  cylinder  In  opposite   directions 
and  f-^ence  through  a  rinn;  d,  which  Is  suspended    some 
distance  above  the  cylinder.  The  chains  are  doiiblod  bacX 
and  hooXed  on  theraselvoo  at  desired  lengths.  The  other 
end  of  the  cylinder  is  suspended  In  a  similar  manner  from 
the  sane  ring.  These  chains  serve  to  Xeep  the  cylinder 
In  a  horizontal  position,  and  to  prevent  It  from  rotat- 
ing. A  5  th  ch^ln  from  which  the  ring  d,  Is  suspended 
passes  throupih  a  p\illcy  fastened  to  the  celling  thence 
do-^n  through  a  rotchet  which  Is  supposed  at  convenient 
height.  By  turning  this  rdtchet  the  cylinder  Is  raised 
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or  lowered  to  suit  t\^e   oor-ifort  of  the  auLjeot, 

Besides  the  ooenlnp;  throii/^h  vrilrjh  the  arm  lo 
lntroduo?d,  the  cylinder  1:3  provided  'vith  Z   other  small- 
er orlfloe.<5.  Throupth  ono  of  these, ^  situated  on  the  end 
of  the  cyllr.der,  conmiir-icatlon  ia  made  -.vith  the  suspend- 
ed test-tiiLe.  A  second  orifice  1,  provided  -.vlth  a  tlrht 
flttlnf^  ruLoer  stopper  throup;h^2  perforations  have  been 
nade  Is  located  on  the  iipper  surface  of  th<?  cylinder,  A 
s;la3s  stop-coc:<  t,  is  fitted  into  one  of  these  perfora- 
tions. The  val'v   of  a  thermometer  h,  is  introduced  throug'- 
the  olher.  On  the  under  surface  ol'  the  cylinder  Is  a  Srd 
orifice  M,  into  v;hich  is  fitted  one  Lranch  of  a  large  T- 
■Tay.  A  2  nd  branch  of  this  T-vmy  communicates  with  the 
lower  end  of  the  plstcn-tui.e.  The  Srd  l ranch  is  connected 
Tlth  the  tube  'c,  for  fllllrit^  and  empty iiig  the  cylinder. 

I  have  fbimd  the  follorln;^  method  convenient  for 
flllijig  and  er'.ptylng  ■'ho  cylinder;  for  regulatinp;  tht?  tem- 
perature and  pressure  of  the  "rater;  and  for  adjusting  the 
Instrument . 

The  piston  is  raised  or  lovrered  by  turning  the 


rallied  nut  Q,  imtll  th  •  point  of  the  Indicator  stands 
at  the  leve}  to  wrUch  It  la  desired  to  brlnp;  the  wa- 
ter m  the  plri-'on- tu'i  e.  2  supply- j^^.rs  P.Q,  one  filled 
with  hot  water,  the  other  with  cold  water  are  placed 
on  a  shelf  attached  ^o  the  scre«5n  a'l  ovo  the  level  of 
the  test-tube-syphon  G.  2  syphons  connect  theae  jars 
Tlth  tv7o  branches 'a  lar.'e  thre?-way  stopoocX  W,  which 

A 

perralts  the  hot  and  cold  water  to  be  mixed  In  the  de- 
sired  proportl-ons.  The  bulb  of  a  therMoneter ^for  Indl- 
catin;;  the  tcniiierature  of  the  water  Is  placed  In  the 
tube  which  conducts  the  water  from  t^.ree-way  W,to  one 
branch  of  a  2  nd  large  threj-wHy  z,  A  tube  connects  a 
2  nd  branch  of  this  three-way  with  the  arm  cylinder, 
another  tube  leads  irom  Its  Srd  branch  to  the   slnlc. 
This  three-way  allows  the  water  to  pass  from  three- 
way  w,  to  the  cylinder,  or  froui  the  cylinder  to  the 
slnX,  or  from  a  hydrant -tap  to  tiie  supply  jars, as  may 
be  desired. 

The  four-way  J,  each  branch  of  which  Is  pro- 
vided with  a  stopcocX,  in  made  rlp^ld  to  the  tube  A, at 


a  level  soraewhat  lowor  than  that  of  the   arm  oyllnder. 
One  of  these  stopoocXs  I,  operio  Into  the  test-tule-ay- 
phon,  a  2  nd  2,  ooinmurdoates  with  the  arra  oy Under,  a 
third  3,  I'J   oon.'.ected  Ly  a  syphon  with  one  of  the  sup- 
ply jars.  A  tuue  from  t'ne  fourth^  4,leads  to  the  sln'rc. 
V.'hen  the  Jiiujeotis  am  has  been  coated   -flth 
vaseline,  and  placed  in  the  am  cylinder,  as  directed 
above,  stopcock  t,  on  the  upper  3ur'"'\ce  of  the  arra  cy- 


A,  and  B,  are  closed  to  cut  off  corr.ection  between  t'r.e 
air  cushion  and  the  atmosphere  and  tam'i  our.  stopcoc!<3 
I  and  2,  on  the  four-vray  are  opened  and  stopcocXs  3, 
and  4,  closed.  Three-v^ay  stoi>coc!<s  w,  and  z,  are  ad- 
justed 30  as  to  allow  water  of  the  proper  teiiperature 
to  enter  the  arm  cylinder.  ^Vhen  the  cylinder  i:;  :vith- 
In  a  terr   ccs  of  being  full  the  jupply  of  water  from 
this  source  l3  shut  off,  and  a  strong  dlamp  placed  on 
the  supply  tube  at  the  i-omt,  7/here  it  meet.:;  the  cylin- 
der, to  prevent  any  possible  error  that  rais'ht  otherwise 
arflsc  rrom  lealcage  or  /rom  distention  of   the   supply 
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tube.   Stoi'CooX  3,    on  the  Tour-rray,    In  no//  opened     and 
water  allowed  to  flow   Into   the  cylinder  until    it        Is 
filled  when  stopcooX  t,    la  closed  to  prevent  air  from 
re-enterl'\g  the  arm  oylind..'r,    stopoo.cX  2,    on  the  four- 
•«ray   Ir,  closed  at   the  same  raoruent   to  prevent      increase 
of  -pressure  on  the  am  ■■/hlle  the  test-tube-syphon     Is 
beiHf^  filled.   \men  the  test-tube   Is  partially      filled 
stopcock  3,    Is   olos  :d  and   stopcoc"/:  <2,    opened.    If     the 
test-tube  is  too  full  at  any  tine  water  may  be     drawn 
off  by  openlnR;  stopcocX  4»  ^topcocX  B,    is  now     opened, 
thus  establishing  free  comunlcat ion  between  the     alr- 
cushicn  and   the  atnospliere.    The  wat  'r   in  the  piston- 
tube  will  now  rise  to   tiie   sane   level   as  that    in       the 

test-tube.    Tube  A,    carrylnp;  the  test-tube  and   Its  ppur- 

\ 

t^in^nces,  Is  slowly  raised  or  lowered  on  the  upright 
until  the  level  of  the  water  in  the  piston-tube  reach- 
es the  point  of  the  indicator.  stopcocX  B,  is   then 
closed  and  stopcocX  A,  opened,  thus  puttinc;  the  air- 
cushion  in  connunicatiun  with  the  tanii  our.  The  lever 
of  the  tarai  our  will  now  k^ive  a  raagnif  led  record  of  the 
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changes  In  the  level  of  the  water  In  the  plston-tu'ue. 
If  the  resistance  offered  ly  the  lonp;  narrow  tuue  il,l, 
to  the  rapid  passage  of  water  between  the  test-tube 
and  the  arm  cylinder  Is  not  sufficient  to  prevent  the 
changes  of  volui'ic  due  to  the  pulse  from  noving  the 
test-tube,  this  resistance  is  increased  to  the  desir- 
ed extent  i.y  partially  closir.p;  stopcoclcs  I,  and  2,  on 
the  four-'.vay.  The  sinall  and  rapid  changes  of  volurae 
due  to  the  pulse  are  conseqiiently  recorded  by  the  tam- 
bour alone,  ^vhilc  the  slower  and  larger  voluiae  changes, 
freed  fron  p\;lse-vmves,  are  recorded  by  the  motions  of 
the  test-tube,  on  the  same  principle  tliat  th'?  height 
of  the  tide  is  recorded  by  the  level  of  the  water   In 
the  vertical  pipe  of  a  tide-gauge,  v;hile  the  separate 
waves  are  prevented  fron  influencin*-:  this  level  by  the 
resistance  •.7hlch  the  si-sall  holes  In  the  "i  ottom  of  the 
pipe  offer  to  the  rapid  passage  of  v/ater. 

This  form  of  apparatus  reduces  very  much  the 
sources  of  error  discussed  above.  The  suspended   test- 
tube  is  entirely  freed  from  the  .jrror  due  to  the  perio- 
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dlclty  of  the  spring.  The  inertia  of  the  sy^teia  ceases 
to  "be  a  grave  aonrce  of  error  o':vir!P;  to  the  slowness  of 
the  notions  v/hich  It  Is  no'T  required  to  execute.    The 
taniLOur  relieved, for  the  nost  P'^rt ,  from  the  dlaturbinp; 
factor  of  lan^e  volume  ohanf^es,  gives  a  fairly  accurate 
record  of  the  pulse  waves.  The  chief  source  of  error  re- 
maining; is  the  pressure  exerted  Ly  the  water  on  the  arm. 
It  is,  of  couse,  impossible  to  have  an  arm  immersed   in 
•/rater  under  perfectly  normal  pressure.  T/hen  the  level  of 
the  -ivater  in  the  pistoi^-tuuc^  is  that  of  the  middle  of  tiie 
arm,  the  loiver  ?.alf  of   the  arm  -/rill  Le  under  a   positive 
pres mre  of  a  few  centimeters  of  water,  and  the    upper 
half  -vill  be  under  a  lilce  amount  of  nep^ative  pressure,  I 
have  found  these  conditions  most  favorable. 

Each  pulse-^vave  is  accompanied  by  a  slight  change 
of  pres.5ure  on  the  arm,  due  to  the  resistance  '.vhich  the 
irater  in  the  cylinder  offers  to  the  entrance  of  t'iie  wave. 
This  resistance  is  made  up  of  several  factors-  I  it  the 
inertia  of  the  volume  of  water  to  be  moved;  2   ndly,  the 
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force  of  gravity  to  he   overoone  In  Bllp;hlly  ral:3lr.>^  the 
level  of  the  water  In  the  plstoix-tu'ue  :  and  S  :Uy,t1ie  re- 
sistance offered  uy  the  air  cushion  to  chai;ge  In    the 
level  of  the  '.vater  In  the  piston- tube.  The  la:;t   named 
resistance  Is  due  to  the  tension  of  th,-  meralrane  of  tlie 
tambour,  and  to  the  inertia  and  friction  of  the  record- 
ing lever.  These  sources  of  error  -ire  q^ite  srcall,  but 
they  still  exist  and  should  be  ta'Ken  into  account    In 
calculating  results.  The  resistance  offered  by  the  air 
cushion  has  Leen  rendered  very  slight  \.y   reductioi,   in 
the  Txeif^ht  and  friction  of  the  recording  lever,  and  by 
the  delicacy  and  lo-v  tension  of  the  taTnboiir-r.iembrar.e. 
The  Inertia  of  the  nass  of  -ater  to  be  Moved  may  be  re- 
duced some-vVat  by  so  changing  t)\e  Torm   of  the  arm-cy- 
linder as  to  diminish  the  distance  bet'.reon  the  surface 
of  the  '.Tater  In  th  ;  piston-tube  and  the  i-olnt  -^here  the 
expansion  of  the  ei. closed  -^rra  first  occurs.  TJie  wider 
the  piston-tube  the  les  ;  the  change  in  the  level    of 
the  "rater  caused  by  the  pulso-rmve,  but  tlie  pulse   re- 
corder becomes  proportionately  more  sensitive  to  vaso- 
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not  or   r;";v\np:oi?.   vnioi;  tl^.ere   Is  a   iJiidden  larf^o  ohange   In 
the  volune  of  the  =\rin  the  va:30-riotor   reiorzlt^r  oanr.ot 
taXe   care   of   It   rapidly   eno\u';h.    There   1-,    In        oon3e- 
quenoe,   a   temporary  variation   in  the   level   of       the 
-vater   in  t:ie  vjlston-tn'i  e,   w'nloh   Interferes     somewhat 
^.irith  the  pulse  recorder,    and   chanp^es  the  pressure  on 
the  am.    The   mfluor.ce  of  this  disturb in.^  factor, 
•rrhlr/n.  I  have  not   yet   been  aLle  to   entirely   ellralnate, 
?Till  receive  attention,  -vhen  ',ve  come  to  discuss     the 
results. 

In  the  early  part    of  the   investigation        I 
used  a   Lud?/lp;  drum- Kymograph,   with   si'iolced  paper,   for 
recording  th  ?  curves.    A  light  needle,   a   couple  of   incKti. 
long  was  fastened  by  a   small  binding   scre'.v  to  the 

rubber  ring  .-?,    carrying  the  test-tule.    The  point      of 
the  needle  was  hel":   aralnst   the  drum  by  a       weighted 
silTc  thread.    The   slight   friction  of  the  point    of  tlie 
needle  against   the  ^aper  and  against   the  thre  id,ca\xs- 
ed   the  test-tube  to  depart    slightly   from  the       verti- 
cal plane.    This  causes  a    loss  of  motion  at    the  point 
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of  th-'  nev-^dle.    The   lonf^er   the  needle  the  greater     this 
loss,    Loth   ueca\x;3e   It   prod\ioe.',  a   larp^er  clei'leot Ion      in 
the  test-tuLe  and,   "t-eoaiise   it   naF;nifier.  nore  the        re- 
cord  of  this  defleotion   on  the  paper:  and   if  the  needle 
be   short,    the  teat-tui.e  '.rill  "t.e   in  the  v/ay   ol'  the  other 
record  Inn  levers. 

The  i-olnts  of  the  taraV  our- lever  and  t  Irae -mark- 
er --ere  rade  to  --Tito   in  the   sane  vertical   liiie       -vith 
the  te:;t-tuGe  needle.    It    is  hi^-hly   desiral  le  to  have  a 
slnr.iltaneous  recor-".   of  the  respiration  and  an  autoinat- 
Ic   stiriuli-si.Tnal,    lut    o-,'in^  to   tl-^e  difficulty   of  'Iceep- 
In^  five  needles  recordinp;  simultaneously   in  one  verti- 
cil  line  on   the  drun,    ttie  latter  t-.vo  vreve       dispensed 
Tlth.    It    soon  becane   evident,   ho-.vever,    that    this  plan 
of  recordinp;  presorted  another  grave  difficulty. 

f^pontaneous  chanf^es,    or  at    least   changes     not 
due  to   sensojry   stinulat  lo:  ,   '.v^re  continually     appearing 
In  'i.ot'.z  vaso-iiotor  and  pulse   ciirves.    It  vms  therefore, 
necessary   to  have  a   contlnuo\is  record   of  the     changes 
goln;^   on   in  the    ^rm  for   soraetine  l.efore  and  after   stln- 


ulition,    In   order  to  1.6  able  to   differentiate  then  irora 
any    ;3en3ory   reactions  •vhioh  ratPi'it   apt^e-^r.    Thfta   i;;   Inpos- 
slble  -.vlth  the   Lucl'"lf^  rlrun-Kynof^rAph :   for   If   it   Le  riade 
to   travel   fast    enoiXtTh   to  Lrlni^  out   the  pulse   curve,    tlie 
paper  1/7III  V e  used  up    In  three  or  four  minutes,    and      It 
will  be  necessary  to   stop  and  put   on  fresh  paper. /oi   Inlc 
record   on  a   continuous  Land   of  paper   1:3   evidently     vrhat 
Is  needed.    The   chlel  dlfllculty    In  ohtalning   such  a      re- 
cord   Is  the  resistance  to   Le  overcoiae   In  moving  the  vaso- 
motor and  pTXlse  pens.    I  was  unaLle  to   reduce  this      suffi- 
ciently   in  the  case  of  vertical   /[yraographs  for  continuous 
paper,   and  accordinj^ly  built   a  horizontal    Kymograph,   the 
details  of  '.vhich  are   suff lcl?<ntly   shovrn   In  plate  5  I,   and 
II.   By   sp'jclal   contrivances  for  suspending  and       moving 
the  pons  the  resistance  -.Tas  reduced  within  the   Units  of 
that   offered  by  the   snol'.ed  paper, 

A  llciht  plate  of  iTaluralmm  foil  1;^  cut  In  the 
form  of  a  cros  ;.  The  t'.70  ends  of  the  transverse  beam 
widen  out  and  are  Lent  so  as  to  clasp  tl -htly  the  tube 
of  a   glas-.  pen.    Thi'    ?nd:;   of  the  other  Leim  of  the  cross f 
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are  Lent    Into  hooker,;    froia  one  of  't'.UoIi  a   thread     passes 
under  a  pullcv^  adju;;tocT   fco  the   side  oi    the   Kynor;raph, 
and   13  h?ld  taut    lv  a   :3r«all  ":elp;ht.    Fror.i  the  hooX        on 
the   other   end   oj?  the  "i.eani  a   thread  pas:5e!.^  imder  a     pul- 
ley adjusted  to  the   other   side   of  t'^e   Kynopir-iph,        and 
thenie  vertical!^'   to    x  violin-key  \-;hloh  turns   in  a   corlc- 
holder   r;emented  to  the   cottom  of  the  test-tu'i  e.T'ls  Xey 
is  turned  until   the  pen  r-;sts  over  t'le  center  of  the  pa- 
per.   A  thread,    fastened  to   the  bull:-   of  the  pen,      passes 
vertically  to  a   slriilar  violin-'Key  'vhich   is     supported 
in  proper  posit  lo:..    T'-^e  tule  of  'he   x-en,   at   a  point 
some'.vh^t   Leyond  \7here   it    leaves  the  holder,    is  Lent   do-.rn- 
warrl   throupih  an  an^^le  of  aLout   45     The  key   to  -^hich     the 
verticil   thread   sup".:ort in>?;  the  LulL   of  the  pen   is  fasten- 
ed!   is  turned  ixrtil   the  point   of  the  pen   jiist   t-uches  the 
paper.    The  pulleys  are   so  adjusted  that   the  upper  portion 
of  the  pen  'Till  Le  aLout   horizontal.    The  thread  passing 
bet',7een  the  pulleys   is  horizontal  also,    except    for       the 
sag   In  the  niddle,    oa\ised  Ly  the  "/t:i>rht   of  the  pen.        As 
the  pen  noves   from  eitr.er  pulley   to-vards  the  ot'r.or   it   de- 
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scribes  a  curve,  rlue  to  the  f?ap;  In  the  horizontal  thread. 
This  curv:}i  tllni-ir  r.ioi  Ion  1.;  neutralised  In  the  point  of 
the  pen  by  tiie  pend\ilar  rnotlon  of  the  lulb ,  due  to  the 
thread  fron  v/hlch  It  1:3  suspended-,  -^e  factors  In  i-hl3 
adjxistmont  "i^elnp;  the  extent  of  the  sag,  the  length   of 
the  pendular  tliread,  and  tiie  respective  dl;;tance3    of 
the  point  and  bulb  of  the  pen  frora  the  horizontal  thread. 
The  extent  of  the  sag  Is  controlled  by  the  size  of  the 
'velght  on  the  end  of  the  thread.  The  length  of  the  pen- 
dular thread  Is  regulated  by  raising  or  lowering  the  Xey- 
hjlder  from  ■■/hich  It  is  suspended.  The  dlsiance  of   the 
ends  of  the  pen  from  the  ftorlnontal  thread  Is  coi-.trollcd 
by  r.:oving  the  pen  In  Its  holder. 

The  friction  bet'Toen  the  point  of  this  pen  and 
the  paper  is  V'.^ry  sriall  since  the  point  need  not  actual- 
ly touch  the  paper;  The  capillary  attraction  between 
the  paper  and  the  n;tnlscu.:;  being  sufficient  to  cause 
the  iTik.  to  flow,  If  t'ae  pen  "t ,•  prop::rly  raade.  But  even 
when  the  point  of  the  pen  act\ially  touches  the  paper 
It  does  30  very  lip;:itly.  If  the  point  of  the  pen    be 


llftet  ly  a   finger  until   Vr.a  sap-   leaves  the     horl/.ontal 
threa.".,   hali'  the  'velf^'nt    of  the  tuLe  of  the  p  ?n  -.vill   re3t 
on  the  flnpter.    If  the  flnr-er   ue  nov;  p;rad\ial.Ly      lovrered, 
V,\o  -Telg'^t   or.   It  V7111   "(.e  found   to  prop;re:5:5lvely   dinlnioh 
and   finally   to  disappear,   havlnp;  been  thus   shifted  to 

the  horizontal   thread.    TlilB   n;ive;5  very   r^reat   "ouoyanoy  to 
th-  point   of  the  pen  and  rediices   friction  to  a     mlnlmura. 

The  pulleys  are   large  and  very   light    and       are 
pivoted   m  a  iianner  slnilar  to  the  Lalanoe-v/lieel        of  a 
watch,    rhelr  frlci  lor    Is  thus  rendered  very   sinall.      The 
Inertia  due  to  the  pen   Its  aliunlnuia  holder  and  the   light 
'7elp;ht   on  the    ;nd   of  the  horizor.tal   thread   is  relatively 
a   very   snail  addition  to   that   of  the  test-tuue, partially 
filled  with  "rater,   "uut   the   inertia   oT  this    "hole   systeu, 
large  as   It    is,    has  very   little   influence  on  the     accura- 
cy ^o|the  record,    ov.'inp;  to   ti-e   slov/ness  of  t'r.c       motions 
"Thlch   it    :ie3crlbe;3. 

The  tam'i.oiir   of  the  pulse-recordeY"  is   supported 
'vlth   its  T'lenlrane  vertical.    The  notions  of  this  memlrane 
are   coTnnunicat(?d  to   one   end   of  a    li^ht   alur.'.iniiini       lever 


•"""lo^,    jnr,t   aftN?r  pa3;5lnp;  tiirouRh  a  pivot  whoae  axlii   la 
vortlrjal,    V;r»nds  uiJ^vard  at   a   rlp;ht   anp;le,   and  after     run- 
nlnp;   In  thl:^  dircotlor.  a"t;out   I    In.,    supporta  a        second 
pivot  -nhose  axln   13  horlzor.tal   an-i  perpendicular  to  the 
lonf;  axlG   of  •'he  pap^r.    A  llP^ht   ;^lan3  pen,   -.vlth  lone; 
tu"i  e,    1:j  passed  through  tv.li?  pivot   and  fastened     to      It 
•Then  the   LUlb   of  the  pen   Is  directly   over  tl^.e  axl;:        of 
the  first  pivot.    T;ie  motion  of  the  raeiiVrane  will  now   Im- 
part  a  inaf^nlfied  horl::or:tal  novevaent   to   the  point   of  the 
pen,   -vhile    its  hnl'o  Lelnp;   In  the  axis   oi'  the  pivot      only 
under'^oes  a  very   slight   rotary  not  ion.   The  2  nd  pivot  al- 
lows the  pon  to  move  freely    In  a   'ertioal  plane.    Inlc     is 
novv  poured    Into  the  "i.uli    of  the  pen  until   tl-.e  point        of 
the  pen   carely   re:3ts  on  the  paper.    The  friction  here      Is 
very   slight.    The   inertia   of  the   system  Is  not   p^reat.      It 
may.Le  reduced   still  more  by  making  the  pen  of  alurjlniuin 
Instead  of  glass.    I   have  not   yet   attempted  this,   as     the 
glass  pen  thus  pivoted  and   couriterpolsed   p;lve.i  me  as     ac- 
curate a  pul  ;e  curve  as  I   need  for  present   purposes. 

The  pens  for  the  pneumograph,    t  ime-mar>;er,      and 


sl-nal  acre  pivoted    In  a   .-^lightly   dll'rerer.t   inanr.er,      "i  ut 
one  v/hlch    involves  Va:-   same  prlnoli^le.    Tlnf  bull    of     the 
pen  ^^Ith  tile    ink  ■vhl'^h   it    coitaln.;  acta   in   each  case  as 
a   coimter-polsed  to   the   lonp:  tul.e  oi'  the  pen,    thus  cau3- 
Inp:  the  point   to  ret^t   on  the  paper  as   lightly  as     deslr- 
6'.    A  horizontal  novenii^nt    1:5    imparted  to   the  point        of 
the  pen  "cy  a   for'c  on  the   end   of  the  taml.our   lever,        or 
of  an  armature  of  nn  elect o-riaKnct ,   as  the   case  r^y     Le. 
For  th.ls  purpose  the  pen  must   Le  free  to  raove  arouni^  t©^ 
axis,    one  vertical  and   one  jiorlaontal . 

The  point,;   of  the  5  p^-jns  are  adjusted   so  as  to 
fall   in  a   line  perp  :?ndicular  to  the  long  axis  of  the  pa- 
per.   7he  test-tuL3  U:3e3    In  the  vaso-i'iotor   r-^cor.ier     -.ras 
of  such  a   c-Hll'rsr  that   Z  c.c.    of  -^ater  moved   it   I    ::.   m. 
The  paper  traveled   from  rl^'iht   to   left,   the  time     record 
is  nearest   the  test-tuLe,   and   consequently   at    the     Lot- 
ton  of  the  paper.    Movement   of^vaso-motor   or  pu^de     pen 
to-vards  the  'i.ottom  of  the  paper  represent^,    dlmlni.;hing 
volui'-ie  of  ^arm,   and   conversely.    I   used   the  time  record 
as  base   line   in  calculating  the  volume  changes.    If     ^ 
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rei>ro3ents  the   Initial   .^Istanrje   In  oentlraeterj     Let'^roen 
the  -point   of  the  vaso-notor  pen  and   the  Lajo-llnc  and  ^' 
Its  distance   in  ar.y   ;5ULjeqvient  position,    tv.en  d'-   d  x  3- 
V,  Y/hcjre  V  is  the  volume  ohange   in  onslo  oent imetors^. 
If,   at   any   tine  durlr.p;  the  experiment,    the  te.it-ti-u  e   is 
Leconinp;  over  filled,    stopcoc":  2,    on  the  four-way,        is 
closed  and   stopcoc:^  4  opened  until   t^ie   desired  aiiount    is 
drained  off.   Stopcock  4   is  then  closed  and   stopcoc:-.  2   o- 
p?nod,    and  the  fact   noted  nn  the  paper.    The  point   of  the 
pen,    of  course,    record;?  the  volume  dra-m   out,   7rtilch  must 
be  added   in  cal-j^ulatinp^   subsequent    chanf^es.    If  the     test- 
tuVe   1;;   in  danger  of  being  emptied  vmter   1.3   introduced 
throup-h   stopcocl^  o,    in  a    similar  manner;    and  the     amount 
subtracted   in  all   sub.iequent    calculations, 

Belnt?;  thus  enabled   to   obtain,   v;}iat   I   believe  to 
be,   a   faitly  accurate  record   of  the   changes  v^hich  actual- 
ly  oc-^\ir   In  the  voluiae  of  the  arm,    I  proceed  .'d  to      study 
the   Influenceiwhich  detenair.ed   these  ahanges,    in  the  jiope 
of  being  able  to   eliJ-ilnate   some  of  them,   and   to  differen- 
tiate the  changes  -.vhich  -.Tould   remain    ■  rom  any   olor   reac- 


tlons  I  nlf-'tht  oLtnln, 

I   i^^lrst   aet,,>nAlr.t; ,■    errpltrlcally  '.vhat.  tenperature 
of  -.'ater,    -\nd.  \"'r\\t   i'-re3 -.urc  on  the  ari'i,   vkjuI.-^  riazntaln 
the  nof^t    r5on;5t:\nt   voliirje  of  "i  loorl    In  the?  -irm.    Thla     In 
the  oase  of  pre:5,;iir(?   I   found  to  le,   ai^  ha.-j  alre-uly  Leen 
stated,   '.vhcn  the   level   of  the  \7ater   In  the  plston-tuLC 
•Tas  about   that   of  the  middle  of  the  am.    (    The     point 
of  the   mdlo-ator  resting  i.et^'-'een   lO  and   12  on  the  f^en- 
tinetijrs   soale)  Vn-i.en  I   used  prea.jure   io-,ver   or     higher 
th-^n  this,    the  arr'i  exhibited  a  tendericy  to    increase  ot 
dlininl.ih    m  voluiie.    The  prop.jr  tempe  rat  lire  of  -.Tater     I 
found   to  'ue  Let',Teen  30     and  c,i     C.    ^ooordlnt?;  to  t]\e  tem- 
perature of  the  room  and   of  the  arii  of  the   subject.      I 
found   that   this  temperature  Icept   tlie  volume  oi'  the  arm 
more  con.^ta:  t   than  any   other,   and  I    found   also   that   tl^e 
temperature  of  the  wat';r    In  the  r:ylirdi>r  remained        con- 
stant  throughout   the  experiment,   v/'^iereas   IJ'  the  tempera- 
ture be  hlPiher  at   the  beginning   it  will    slrA  during  the 
experiment,    and   conversely,    if  the   initial  temperature 
le   lo":er. 
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Every  muscular  nov.iier.t   on  the  part   of  the  aul- 
joot    1;^  acoonpiniecl  'i  y  a   char.ge   In  the  vol^uue  of  the  eri- 
closed  am.    Afti^r  the  experlnent   had   oontir.ued  for  al.out 
half  an  hour,    larf'ie  and   frequent    ohanp;es  of  volune  usual- 
ly  ocjured,   Tvliloh   I   attributed   to   the  dlt3r;or.iJ"ort   of     the 

a. 
subjoc"*  ,   Tfho  up   to  thii^  tine  had  'uea^r.   seated  on  a  wooden 

rthalr.    These  di;3turLinp;  factory  -.Tere  reraoved  Vy  putting 
the   subject    in  an    invalid   chilr   .rhloh  oovild  Le  adjusted 
to  any   .leslrod  posljflon.    lie   ooul:l   rest   here   oomfortaLly 
Tith  all  his  nuscles  as   conpietely   relaxed  as   if  he  7?ero 
In  bed.    This  rendered  the  voliuie   of  the  ann  i.iuch  more 
constant.   But  tl:e  raost   conspicuous  of  the  disturbinp;  fac- 
tors   still   roralned.    This  ^rhi?      fe  the  riental   reaction'.ap- 
parently   every   t.hout^nt   that    flits  across  the   subjects  i.lnd 
records   its  presence  by  a   charge  of  volume   In  the  arm. Talk- 
ing  in  the  roon,    the   entrance  of  a   strariger,    the  striding, 
of  th ?  clocv,    or  noise   in  an  adjoi;  ing  roon  was     usually 
acconpanied  "i  y  a   change  of  volune  Tin  the  arm,   and      tMs, 
sometimes,    even  when  the   subject   was  asleep.    This   is  what 
warj   expected   from  t;ie   correlation    "hich  ::osso  has     3ho-,Tn 
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to   exlr>t   let-reini  oere"i  ral   function  and   the  voliuue  of  the 
am,    I)     nor  :Io  I    .-.ee  any  rray    in   TMch  thl;3  dlstur'Llnp; 
factor  can  'i,.?   i^llminate:l^'.yh  ile  'vorXlriP:^  wltV.        sensory 
stlruxlat ion.    The   only   course  open   ;3eer.iiJ  to  Le  to        con- 
fine  It   ^YiffUT.  at5  r.arro-;   llnitiS  a;^   circumstances     ttIII 
pemlt   and   to   enc^eavor  "t.y   control- experiment 3  to   differ- 
entiate -That   mental   react ion:i  may  remain  from  the        sen- 
sory  react lon;5  under   Invest Ip-at Ion, 

The  odorii  'vere  at   fir, it   a:l7'iini.;tered   to  the  sub- 
ject  'i.y  holdin;':  a  'i  ottle  under  his  no.;e  and  allowln;^  him 
to   srlll    its  contents.    Thl;5  -vas  the  plan  pursued  Ly   Leh- 
mann  2)      cut    It    Is  open  to   s^'Veral   olviou;^  object  ions. 
The  disturbance   of  mental    equillLrium  occasioned  Ly   such 
a  procei?dure   Is    itsell"   sufficient   to   condemn    It.Ai.y      sud- 
den  or  unexpecte''   vioveiaent   of  the  operator  produces  a  men- 
tal reaction.    In  th.?  subject.    On  the  other  hand,    I        soon 
found   that    7hen  he  anticipated  my  moveiient   a   reaction  ap- 
peared,  yrnen  he   sa-.'  me  reacliinp;  for  the  odor-i  ottle, even 


1)  Op.oit.i>..- 

2)  0p.cit.p.;j3. 
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•.Yfien  I  U-.l  not  aiVi-ly  the  :3tlnvilnn,  a  reaotlor.  appeared 
which  v/as  often  very  alnilar  to  that  aooorapanyln^  the 
sensation  lt;3olf. 

The  .jubjeot  should  be  Isolated  and  ev>,^ry  thing 
that  could  attract  attei:tlon  as  far  as  possible  removed. 
A  screen  was  plac  'd  betwe.n  the  subject  and  the   KjTiK)- 
p;raph  so  as  to  pr-event  htn  frora  perceiving  the  record- 
ing apparatus  or  any  of  ray  movements. 

The  apparatus  used  for  applying  the  odors  Is 
sho'.vn  In  plate  I.  By  means  of  an  Aspirator  attached 
to  a  hydrant-tap,  air  and  cold  water  are  r.ilxed  to='ether 
and  pou.-ed  Into  a  large  botlle.  The  water  Is  drawn  off 
by  a  syphon.  The  air  is  forced  out  through  a  small  tuLe 
which  connects  v/ith  a  cbll  of  lead  pipe  Immersed  In   a 
warm  Lath  of  constant  temperature.  7}\ls  gives  us  a  con- 
stant current  of  purified  air  of  any  desire;  size  at  a 
constar^t  temperature  and  in  constant  hygroraetric  condi- 
tion. A  tube  conducts  this  current  of  air  into  a  metal 
pipe,  fastened  to  the  front  of  a  drawer  in  the  Kymograph- 
table.  A  series  of  13  metal  stopcocks  open  along  the  up- 
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per  surfaoe  of  this  pipe.  In  the  front  of  the  drawer 
Is  arranged  a  serloJ  of  IZ   uottles,  eaoh  cor.tainlr:p;  a 
snnll  portion  of  oderferous  suLstance.  A  pair  of  ariall 
glasj  tules  perforate  the  stopper  of  each  Lottie   and 
termlnatey^  at  Its  lower  surf:\ce.  fine  of  each  of  these 
pairs  of  tubes  connects  v/lth  a  corresponding  stopoooX 
on  the  netal  pipe.  Each  of  the  otlicr  tubes  ooinctunlca- 
tes  with  a  corresponding  glass  tuLe  whloh  passes  dOTm 
through  the  uotton  of  the  dra\7er,  bends  over  to   the 
screen,  runs  up  to  about  the  level  of  the  subject's 
head  where  It  tertilr.ates  aftr?r  passing  through  the 
screen.  13  flexible  tubes  connect  these  glass   tubes 
with  13  short,  netal  tubes  which  are  screwed  Into   a 
ternlr^l  plato,  and  end  on  a  level  -'Ith  its  distal  sur- 
face. A  14  th.  tube  which  does  not  naXe  connection  with 
any  odor  bottle,  leads  dlrectlv  from  the  stopcocX   on 
the  end  of  the  netal  pipe  to  a  14  th  weAA  metal   tube 
In  the  teri;ilnal  plate.  This  pennlts  a  current  of  odor- 
less air  to  be  adiilnlstered  when  desired. 

The  temunal  ,.late  is  a  copper  disc,  0  Inches 
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In  diameter,  supported  i*ron  Ita  cei:ter  on  a  imlvcrsal 
holder  -.vhloh  allowti  It  to  be  adjusted  in  any  desired  po- 
sition. T;\ro'a*^!i  this  plate  have  been  bored  5  .serle.j  of 
14  holes  eao?:,  arranged  In  5  conoentrlc  olroles.    The 
odor  tubes  terminate  In  the  Inner  circle  of  holes.   The 
lu::ien  of  a  short  portion  of  tiie  terminal  end  of   these 
metal  t\i"i.es  Is  les.5  than  half  the  diameter  of  t'nat   of 
their  proxliaal  end.  IZ   of  these  tubes  are  provided  '.vlth 
electric  valves  constructed  so  as  to  v/ork  noiselessly 
and  to  leave  the  fa:e  of  the  plate  as  iree  as  possible. 
This  prevents  the  subject  from  percelvlnp;  the  openinc; 
or  closlnf^  of  the  valves,  except  by  his  sense  of  small, 
and  removes  from  the  face  of  the  plate  all  o"i  jects  to 
^hlch  odors  mlj^ht  cllnf^. 

Picture  3,  s'O'.vs  the  construct ioii  of  one  of 
these  valves.  A  le+al  disc  A,  faced  y/lth  rubber-dam 
Is  placed  In  the  lars^e  end  of  the  tube.  The  diameter 
of  the  disc  Is  less  than  the  lar^^e  lumen  of  the  tule 
and  i';reater  than  its  siTiall^.  A  small  wire  b,  passes 
from  the  center  of  this  disc  out  throu.T".,  the  small 
lumen  of  the  tube,  and  a  few  mlll^jnet  ^rs  from    the 


face  of  the  plate,    1:j  fastei.ed  to  a  netal   rod   o,   vriUch 
after  rimnlnp-  out'vard  parallel  -.vlth  -i  he  face  of  the 

plate  for  a   short   distance  bends  LacX  at   a   rit^ht   angle, 
passes  throup;h  a  perforation   In  the  plate  and      Is     ad- 
justed  by  tv;o  nuts  one  en-1   of  an  arraatur.^   lever  d,Thls 
Annature   lever   runs   outv;ard  parallel  -.vith  the  plate  and 
terminates  over  an  electro  magnet    e.    It    is  supported  on 
a  pivot  ^,    situated  a   short   distance  centrally  to       the 
magnet.    A  sir^ll   spiral   spring  z,    fastened  to   the  termi- 
nal plate  is  adjusted  to   the  central  arm  of  the     lever 
by  a    small  nut   and  lolt   which  allowi^s  the  tension  of 

the   spring  to  be  reg^ilated  at  pleasuie.  One  wire  of  the 
electro-iiagnet  ma>es  contact  \7lth  the  plate,   tV.e  other 
passes  to  an  insulated  binding  screw  h,   fastened         to 
the  plate  beside  the  coil.    The  tension  of  the   spring   is 
50  adjusted  as  to  hold  the  vaLlve^ except   while  a   current 
is  passiniT  through  the  magnet,   and   to  pr-v^-nt   the  arma- 
ture  fror".  touching  the  magnet   at   any    *lme,this  prevents 
noise, and  the  rubLer-dan  face  renders  the  valve   itself 
noiseless.    The  movement   of  the  wire   of  +he  face  of  the 
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platt'  in  oi>en^np;   or  closlr.F.  the  valve  Is  .'.o  small  that 
It  escapes  the  notice  of  tlie  subject. 

A  '7lro  from  one  pole  of  a  battery  roakes   con- 
tact '7lth  the  netal  piv.e  of  the  face  of  the  Kymot^raph- 
dra?rer.  Each  of  the  13  stopcocXs,  on  the  upper  surface 
of  this  pipe,  Is  provided  -with  a  platinum  contact  v/hlch, 
when  the  stopoocX  is  open,  dip.3  into  a  corrisponding  mer- 
cury well,  situated  on  the  upper  surface  of  the   drav/er 
between  the  stopcocX  and  its  odor-bottle.  A  wire  passes 
from  each  of  these  mercury  "/ells  to  a  corrisponding 
binding  screv?  thence  through  the  coll  of  the  electro- 
raagn'?t  to  the  tennli:ial-plate.  A  wire  in  contact  with 
the  copper^ terminal  i iate  passes  to  the  magnet  of  the 
signal  plate  and  thence  back  to  the  other  pole  of  the 
battery. 

The  opening  of  any  of  these  13  stopcocXs, there- 
fore,send^  a  constant  current  of  air  through  the  corres- 
ponding odor  "uottle,  and,  by  cora'plet^ing  the   electric 
current  opens  th  •  temlnal  end  of  the  corresponding 
odor  tube  near  the  subject's  nose,  and  raarXs  the  instant 
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on  the  paper. 

Ch^enlng  the  I4"~gtov,ooc"k:,  at  the  end  of  the  met- 
al pipe,  sends  a  current  of  odorless  air  thro;igh  the  tuLe 
which  terminate  with  the  odor  tubes. 

To  secure  quiet  and  exclude  lltrht   stlnulation 
the  sucject  vraj  at  first  placed  In  a  separate  and  dark- 
ened room.  I  soon  found  that  every  movement  he  made  pro- 
duced a  chan.^e  In  the  volume  of  the  enclosed  arm. It  ;7as 
necessary  therefore  to  Lring  hire  into  my  room  where   I 
could  observe  any  raoveiueiit  he  mln;ht  make.  A  screen  was 
placed  so  as  to  pr--vent  him  from  seeing  tae  or  the   re- 
corrlinp;  apparatus.  The  room  was  of  course  'cept  quiet 
and  visitors  excluded  except  where  their  presence  is  no- 
ted. All  the  records  discussed  here  were  taXen  Ly   the 
improved  form  of  apparatus  described  above. 

Plate  IV..  is  a  portion  of  the  record  talcen  from 
Mr.R«edeli  on  Jan.    His  ani  was  In  the  cylinder  about 
15  minutes  w/^en  this  portion  of  the  record  was    i  egun. 
Curve  E,  gives  the  time  m  seconds.  Ordlhates  are  drawn 
at  every  5  th  second.  The  base-line  F,  is  dravm  parallel 
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to  the  curve  E.  The  piiltjc  ourvc  D,  showo  very  little 
ohango  in  the  heart-rate.  There  are  19  '.Teart-beat.j  In 
the  first  15  seconds,  and  13  In  each  siiorjeedlnR  15  sec- 
onds. The  respiratory  curve  B,  shows  no  very  p;reat   Ir- 
regularities. Curve  A,  sho-s  that  th  odor  of   Isobu- 
tyrlc  acid  "vras  turned  owk  Trora  the  10  t}v,  to  the  120 
eth^  second.  The  vaso-motor  curVe  C,;3ho7;s  an  increase 
of  1.2  C.C.  m  the  volume  of  the  am  during  the  first 
12  seconds.  Curve  A,  Indicates  th>t  the  odor  oi   iso- 
cutyrlG  acid  '.vas  turned  on  at  th(.'  10  th  second,  Lut 
It  is  evident  fro.:  the  respiratory  curve^that  It  could 
not  have  readied  the  olfactory  nieirxrane  much  before 
the  12  thi  second.  At  this  point,  the  arm  ceases  to  In- 
crease In  volume,  and,  Z   seconds  later.  It  "i^eglns  to 
riecrease.  At  the  20  eth  second  It  sho-7S  a  dlralnu^tion 
0'"  1.5  C.C.  T'le  curve  then  slowly  returns  to  the  base- 
line which  It  alnost  touches  at  the  38  th  i>eeond.   It 
Indicates  a  second  dlinlnu^tlon  of  I  c.c.  at  the  45  sec- 
ond. After  this  tlv.'  curve  rises  slowly  and  crosses  the 

7 
base-lino  at  the  ^0  tleth  second.  This  Is  folio-;ed  at 
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intervals  oi"  about  10  oeoonds  ly  S  positive  waves  and  I 
negative  wave"' somewhat  less  fan  5  o.o.  This  ourvo  would 
seen  to  indlcjate  that  the  odor  of  1  ".oLutyrlo  aold   pro- 
duces  a  reflex  stimulation  of  the   cardlo-lnhliitory  and 
vaso-oonstrlotor  fibers^ cut  I  do  not  \hink  It  furnishes 
sufficient  evldj^nce  for  sucli  a  oor. elusion.  The  ourv? 
frequently  shows  j\).st  the  opposite  effeot.  To  be  at  all 
certain  of  the  effect  of  any  particular  stimulation  we 
must,  at  least,  know  the  general  r-ioverierit  p;olng  on  for 
sonetlrae  Lefore  and  after  the  stimulation.  To  avjid  the 
Inconvenient  length  of  the  original  records  needed  for 
such  a  3tudy/|^  i  have  condensed  the  dat{i^  v/hlch  they  ilir- 
nlsh  into  plotted  curves.  A  number  o;'  which  accompanj: 
this  article.  T}\e  ordlnates  are  at  each  10  seconds. 
Curve  A,  at  the  bottoia  of  the  plates  gives  tl-.e  changes 
In  the  amplitude  of  thi?  pulse  waves.  Tht?  absolute  val- 
ue of  this  amplitude  might  easly  be  determined  empiri- 
cally, but  this  I  have  not  done.  Nor  can  I  calculate 
It  exactly  since  I  fall  to  Iceep  a  record  of  the  maRjil- 
flcatlon  used  In  the  leverage  of  the  writing  apparatus. 
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But  Since  thl3  leverage  whs  not  clian?;ed  d\irlng  any   of 
the  IncUvlcUial  records,  It  rjay  ce  relied  \ipor.  for   the 
changes  -//hlch  occur  during  the  sane  record.  The  Abscissa  ' ''^'-r 
represents  about  .2  c.c.  In  volume.  Curve  D,  gives   the 
heart-rnte.  Each  Abseisea  for  this  curve  represents  I 
be-it  per  ralnute.  Curve  C  gives  the  changes  In  th?  vol- 
ume of  the  arm  in  cubic  centimeters.  Each  Abscissa  rep- 
resents a  change  of  .2  c.c.  The  pulse  aiuplltude  and  the 
volume  cha'Ages  are  calculated  at  every  5  th  second. The 
heart -rate  Is  reclconed  for  every  10  or  15  seconds.  The 
tine  of  stimulation  by  the  various  odors  In  indicated 
In  thi'  plates.  The  respiratory  curve  wa;}  talcen  in  all 
the  original  records,  and  -.vhenever  it  represents   any 
raarlced  Irregularities  this  fact  is  noted  on  the  plates. 

In  order  to  study  the  effects  or  repetition 
and  individual  variation  in  response  to  the  same  odors, 
the  experiments  were  arranged  In  2  series.  The  first 
serle.;  of  experiments  were  all  made  on  the  same  sub- 
ject; the  second  series  v/ere  i;iade  on  12  differer.t  in- 
dividuals. 
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Mr.  George  3111,  who  acts-',  as  subject  In  the 
first  series  of  experlner.ts,  ir.  -x   neohanlc  33  years  of 
age  In  good  health,  of  fair  rausoiilar  -level opraent   and 
not  particularly  susceptable  to  odors.  His  arm  was  Icept 
In  the  cylinder  about  an  hour  dally  from  t"!:e  middle  of 
October  to  the  middle  of  January.  He  was  trained     to 
Xoep  his  mind  as  blanK  as  possible.  The  monotony  of 
dally  repetition  soon  removed  the   dlstur'i  ences  v/hlch, 
In  untrained  subjects,  arrise  from  the  novelty  of  the 
surroundings.  The  odors  of  heliotrope,  v;ood-vlolet , win- 
ter 3;reen,  musk,  sTcatol  and  indol^  were  used  daily  ^  a 
fe-.v  other  odors  wore  used  occasionally. 

Defects  In  the  earlier  forms  of  apparatus  used, 
render  the  experiments  made  during  Octoi.er  and  Novonber 
unsatlsfactorMy.  Plates  V  to  XI  Inclaslve,  give  t'^e  re- 
sults of  7  experiments  of  this  series  which  were   made 
during  December  and  January,  when  all  the  conditions 
were  most  favorable. 

One  of  the  most  obvious  features  of  these  cur- 
ves Is  th-?  -General  increase  In  the  volu:ne  of  t'-,e  arm 
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'fhlc'n.   'hey  exhibit  durln-:  the  course  of  the  experiment. 
Thus  experiment  V  shows  an  increase  oi"  od   c.c.  In  the 
volu:iie  of  the  arra,  Let'.veen  the  450  tieth.  and  the  2350 
tleti;  second.  Experlner.t  VII  gives  an  l/crea.je  of  50  c. 
c.  between  the  I  st ,  and  the  133  0  tleth  second. Experl- 
raert  XI  i^lves  an  Ir.creasc  of  35  c.c.  Let'.^een  the  20tleth 
and  the  1300  dreth  second,  and  expexliaent  X  sho-.vs  that 
the  arm  increa3:?d  37  c.c.  In  voluni;^  Letv/oen  I  st   and 
the  19  00  dreth  second.  s 

Several  ficts  Indlc-te  th-^t  this  increase  In 
the  volune  of  the  arm  Is  due  not  to  the  tenperature  or 
pressure  of  the  -.vater  In  the  am  cylinder,  cut  to  the 
mental  condition  of  the  subject.  The  temperature   and 
pressureof  the  -vater  were  the  .jane  In  a  nuraler  off  other 
exi:)erlments  on  the  same,  and  on  other  subjects,  where 
no  such  general  Increase  In  volun-  occured.  Secondly, 
the  volume  of  the  arm  decreased  Immediately  wi^.en  any- 
thing attracted  the  subjects  att(;ntlon.  In  experiment 
V  the  subject  was  resting  qiiletly  with  his  arm  In  the 
cylinder  for  10  or  lo  minutes  before  I  began  to  taXe 
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the  record.  Dur  mf^  'hi.;  time?  the  arm  In'^rcased  several 
c.c.  In  volunie.  100  seconds  after  the  record  was  Legun 
Dr.K.  ontetered  the  room  quietly,  but  was  perceived  ly 
the  subject.  The  volu.io  of  hl^;  arm  decreased  II.  5  c.c. 
in  the  follo-vinp;  50  seconds,  150  seconds  later  Ilr.G. 
entered  the  roon.  This  was  follov/od  by  a  farther   de- 
crease of  4  c.c.  In  20  seconds.  After  they  both   left 
the  roon  the  arm  imediately  began  to  Inrrease  and  con- 
tinued to  increase  to  the  end  of  the  experiment .  In  ex- 
perlraent  X  I  spoXe  to  hlra  at  the  240  tleth  second. This 
occasioned  a  fall  of  5  c.c.  in  a  fey;  secondo.TT^lce   In 
the  course  of  this  experiment  I  turned  on  the  odor  of 
Formic  acid,  for  a  fev;  secor.do,  each  time  it  occasion- 
ed a  sudden  dininu^tlon  in  the  volume  of  the  arm. 

The  subject  had  grown  familiar  with  his   sur- 
roundings; the  chair  v/as  very  comfortable,  the  room 
quiet;  ther>?  was  nothing  to  attract  his  attention  and 
as  a  consequence  his  mind  q.vieted  do?;n,  and  he  was  fre- 
quently dosing,  towards  the  end  of  the  experiment.   In 
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experiment  VII  he  slept  frori  aVout  the  500  dreth  second 
to  the  end  of  f:  ?  experiment.  It  -,7111  Le  seen,  too,  that, 
m  these  oxperlner.ts  the  heart-rate  leGomes  slov/er  and 
steadier  as  the  arm  increases  In  volune,  thus   sho?rlng 
that  the  subject  was  gradually  quieting  down  or   going 
to  sleep.  These  facts  I  thlnlc,  show  pretty  clearly, that 
this  general  increase  In  the  voliirae  of  the  arm  is  due 
to  diminished  raental  activity;  but  wiiatever  may  Le  Its 
cause.  It  roust  be  taken  into  account  In  calculating  the 
effect  of  any  particular  sensory  stlrjulation.  To  check 
an  up'vard  novenent  of  the  curte  Is  practically  the  same 
thing  as  to  cause  a  dovrnward  movement  of  a  curve   that 
Is  running  horizontally.  A  horl;iontal  line   evidently 
cannot  be  taken  as  base  line  In  calculating     local 
changes.  The  base  line  must  run  in  the  -^eneral  direc- 
tion of  the  curve.  I*.  Is  not  an  easy  matter  to  deter- 
mine accurately  what  this  line  should  be.  But  In  most 
cases  It  nay  be  approximated,  and  a  line  obtained  '.vhich 
V7111  be  miich  nearer  the  trut;;  tii^n  a  horizontal  would 


The  curvoG  al:50  exhlclt  two  specie.;  of  local 
variation  which  do  not  S9'^ra  to  be  connected  ?;lth   sen- 
sory atlnulitlon.  In  iaost  or*  the  curves  srcall  osclla  - 
tlons  occur  -.vhlch  sugf^e.jt   Traube-Herplng  waves. Besides 
these, larger  and  slower  changes  occur  at  irregular  In- 
tervals, which  seer,  to  "ue  due  to  variations  In  the  mental 
condition  of  the  su"i  jeot.  Th«.se  change.^  form  the  ;nost  an- 
noying factor  In  the  curves.  I  have  luaen  unablo  to  ft,ll(sn- 
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ate  them;  and  It  Is  v^.^ry  difficult  If  not  Ini-osoible  to 
determine  the  part  th  y  play  In  the  volune  changes  which 
o'jcur  during  sensory  stimulation. 

Sone  peculiar  features  occur  In  plate  VII  .which 
are  probably  due  to  the  fact  that  the  subcoct  was  asleep 
during  raost  of  the  experiment.  The  arm  Increased  rapidly 
m  volume  from  the  beginning  of  the  record  to  the  1300 
dreth  second  and  gradually  decrease  froin  this  to  the  end 
of  the  experiment.  r}\e  subject  had  been  resting  quietly 
with  his  arm  in  tiie  cylinder  for  some  tlmo  before  tl":e  re- 
cord was  beg\m.  i-.e  seemed  to  be  asleep  about  the  5  00  dreth 
second;  at  the  430  tleth  second  I  spoXe  to  him  and  found 


54. 


thit  suoh  was  really  <he  O'.se.  Ho  did  not  waXo  but  his 
arm  decreased  5  o.c,    Iv.   the  foiaiOTrim^  'iO   seoouds,   and 
then  Increased  nora  rapidly  then  before.  75  and  120  seo- 
onda  later  two  other  falls  of  about  4  c.c.  oooured  wlUch 
do  not  seera  to  be  connected  rith  any  external   stimulus. 
At  the  1920  tleth  second  5  0  seconds  after  a  musX  stimu- 
lation had  ceased,  there  was  a  fall  of  5.5  c.c.  in  SO 
seconds.  At  the  225  0  tleth  second,  during  an  lndol\^  stim- 
ulation, there  was  a  fall  of  G.  3  c.c.  In  55  seconds, fol- 
lowed ly  an  Increase  of  9  c.c.  In  2G5  seconds,  when,  55 
seconds  after  the  Indol*  stliailit  ion  had  ceased, there  oo- 
cured  anoth  t  fall  of  7.6  c •;:(..  In  50  seconds.  Tlie  odor  of 
winter-green  was  no-r  turned  on  for  a  150  seconds,  during 
which  tine,  the  volurie  of  the  arm  Increased  4  c.c, 5  sec- 
onds later,  there  wvs  a  fall  5  c.c.  In  35  seconds, During 
the  following  400  seconds,  4  or  5  similar  falls  of  less 
extent  occur.  At  tho  315  0  Moth  second,  during  a  skatol 
stlnulation,  the  subject  woXe  with  a  deep  inspiration; 
the  heart-rate  c"v\nged  from  53  to  30;  the  volume  of  the 
arm  increased  20  c.-^.  in  70  seconds  and  presei-.tly  decroas- 


ed  alr.iost  a;3  rapicliy.  Ho  spolce  to  me  at  tho  3250  tleth 
seoond  and  seemed  asleep  100  seconds  later. 

Ho'T  are  these  ohant^es  In  the  voliirae  of  the  arm 
to  ce  lnterpret-?d?  The  Tarve,  throu.^nout  Its  entire  ex- 
tent, exhlults  rythnlT  changes  --vhloh  s\ig2;e3t  TrauVe-iler- 
i^lng  waves.  Are  the  larger  ol^anges  mentlone.^  above  of  a 
slnllar  nature?  There  is  a  certain  periodicity   about 
thera,  and,  If  we  except  the  sudden  increase  in  volume 
-rhich  occured  at  the  516  0  t-ireth  second,  they  resemble 
tho  smaller  change^  in  all  but  extent,  and,  even    in 

this  respect,  it  will  be  seen  that  they  gradually  shade 

tKtv 
off  into  each  other.  It  i;3  pos^5lble  that^ar?  caused  by 

variations  in  ^he  cerebral  activity.  Thl^5  explanation 
wpuld  harmonize  with  I.Iosso's  observations,  on  the  chang- 
es in  C'-rebral  circulation  during  sleep. I)  Changes   In 
mental  activity  invarlai ly  causes  changes  in  the  play 
of  the  sleepers  Imagination  may  therefore  account  for 
changes  in  the  vol\ame  of  the  -^.rra,  r^llh  vrhich  we  are  here 
dealing.  Some  facts  In  ^he  curve  Itself  point  in   this 
direction.  The  fall  at  the  43D  trl^th  seoond  was  appar- 
I)  Op.ei^-rmip-.clt  .p.  y  <> ^   ,v 


ently  oause".  i  y  my  apeaXliig  to  the  sul)j<:;ct.  ii.i  dlcl  not 
T^Xe,  but  It  Is  posslLle  that  my  speal^ln^^  to  him  ocoas- 
sloned  a  dreari  -.vhlch  caused  this  and  the  t'jo  follo-.viMg 
changes.  The  large  increase  In  the  volume  of  the  arm  at 
the  5150  t-i^th  secoTid  appears  to  be  d;:e,  ohlefly,to  the 
very  p;reat  aeeeiet  aocelieratlon  In  heart -rate,  which 
occured  at  that  monent.  This  was  during  a  sKatol  stimu- 
lation, bur  It  will  be  seen  from  the  other  records  that 
slcatol  does  not,  Itself,  acc<i^erate  the  heart-rate, Did 
the  foul^  odor  occasion  an  unpleasant  dream  In   '.thlch 
some  spasm  of  emotion  caused  the  sudden  Increas-;    in 
heart-rate  and  -.TaXe  the  subject?  speculation  concerning 
the  orlgn  of  these  changes,  ho-.tever,  will  be  raaSB   of 
llttl^^  value  until  we  have  more  data  at  our  disposal. 
The  question  which  immediately  concerns  us  here  Is 
w.ethor  or  not  when  all  due  allowances  ar -•  made  for  chang- 
es produced  by  ot'i'er  causes,  the  curve  still  presents  any 
evidence  of  sensory  reactions,  7^e  Till  be  In  a  better  po- 
sition to  answer  this  question  after  we  have  made  a  com- 
parative study  of  the  other  curves.  The  odor  of   formic 
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acid  was  adinlnlritered  once  Tor  a  few  aeoor.ds  Ir.  experi- 
ment IX  an'  twloe  m  exporli:it?nts  VI,  VII,  an:l  X.  Each 
tlrac  it  prevented  full  repp Irat Ion  and  caused  a  sudden 
and  quite  lari'e  leorea^e  In  the  volume  of  the  arm. The 
same  result  was  mvarlLly  obtained  wlienevor  I  used  for- 
mic acid.  Le'niiianr.  I)  obtained  slnllar  results  irlth  am- 
monia and  bisulphide  of  carbon,  ?/hlch  he  used  as   typi- 
cal unpleasant  odors,  I  thln'c,  ho?rever,  that  'he   reac- 
tion In  the3e  oases  are  due  In  pjreater  measure  to  the 
Irrltatlr.f^  action  of  these  substance  on  the  terminations 
of  branches  of  the  trigeminal  nerve  in  the  mucus   mem- 
brane of  the  nose  than  ■^. o  t'eir  odors. 

In  ex-^erlmcnt  VIII  acetic  acid  -^as  administered 
at  the  1230  t^eth  and  again  at  the  141 0  th  second.   Each 
time  It  produced  a  diminution  of  9  c.c.  In  about  50  sec- 
onds. I-",  was  also  administered  in  experlmi::.t  VI  at  the 
1400  d^reth  sefiond,  in  exi^erlraent  X  at  the  145  0  tleth 
second  and  at  the  end  of  experiment  XI  but  In  none   of 
these  cases  did  It  produ-^e  any  marked  reaction.  T)ie  cause 

I  )  op.  ::lt  .p,B4. 
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of  thl:^  descrepancy  In  resvilta  I^j  not  apparent. 

Propionic,  butyrlo,  laoLutyrlf;,  and  valerlo 
acids  were  administered  on  several  oooaslons  without 
any  very  decisive  reactions  appearlns^. 

In  experlnent  VI  propionic  acid  va  i   adralnls- 
tered  at  the  2225  t:i  second.  A  fall  of  4  c.c.   oscur- 
ed  durlnp;  the  35  second  of  the  st  Irnilat ion;i,ut  It  la 
not  at  all  certain  that  this  fall  was  d\ie  to  the  add, 
since  sUmillar  falls  occur  tirroughout  thl;j  curve  with- 
out any  apparent  dependence  on  sensory  stlnulatlon.In 
experlnent  VIII  at  t?.e  2IG0  tteth  second  the  voluiiie  of 
the  arm  increased  S  c.c.  during  the  flrs^  40  seconds 
of  a  Propionic  stlimilation  and  decreased  1.8  c.c. dur- 
ing the  reralninp;  20  seconds.  But  this  stlnulatlon 
followed  Inmiedlately  upon  a  fall  of  II  c.c. produced 
by  formic  acid.  The  curv'j  usually  rises  In  this  man- 
ner In  such  cases  without  any  sensory  stimulation. 
The  fall  during  the  latter  part  of  the  stlm\iiation 
was  possibly  due  to  the  acid.  Propionic  acid  wa.5  ad- 
ministered again  %h  at  the  1870  tleth  secoiid,  In  ex- 
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perlnent  X  th.?re  wa.^  a  rise  hf3r'?  of  1.5  c.o.  during  the 
20  second>5  of  the  stimulation,  lUt  this  rise  IS  in  the 
general  direction  of  the  curve  and  presents  no  evidence 
whatever  of  a  sensory  reaction.  In  experlnent  VI  Buty- 
ric acid  ?fas  administered  from  the  I7I0  t'l  to  the  1330 
t-4^th  second,  and  valeric  acid  from  the  2000  santh  to 
the  2175  th  second.  Falls  oocured  in  coth   instances; 
tut  from  the  general  movement  of  the  c\irve  It  would  ap- 
pear that  they  are  rhythmic  contractions,  and  indepen- 
d.ant  of  thr?  stimulations.  At  the   1920  ti^th  second  in 
experliicnt  VIII  the  curve  \<ra.i   rising  rapidly  and  contin- 
ued to  rise,  apparently  uninfluenced  "uy  the  butyric  acid 
TThich  VR3   turned  on  during  the  follo^ring  5  0  seconds. At 
the  end  of  the  stimulation  the  curve  tooX  a  horizontal 
direction  which  it  "kept  during  the  followliig  130  seconds, 
Valeric  acid  -.vas  adrainistsred  durl;;g  75  seconds  of  this 
time  without  producing  any  apparer.t  effect  .Butyric  acid 
was  also  administered  at  tl'.e  I7I5  th  secoj:d  in  experi- 
ment X.  A  fall  of  2   c.c.  oocured  during  the  first   SO 
seconds,  Lut  the  curve  sho-.TS  tliat  this  also  mav  Le   a 
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rythiilo  oo/itrarjtlon.  laobutyrlo  aold  wa:;  used  omg  in 
eaoh  of  the  experlncnt;?  VI,  VIII,  IX,  X,  and  XI  with- 
out any  apparent  effect. 

Besides  fornlr;  acid,  and  the  t^-^o  Instances  of 
aC(?tlc  acid  Mentioned  a"uove,  there  w««  are  tV.ree  othe.-r 
causes  '.vhlch,  w'nen  present,  usually  ca\ise  a  mirTced  dir.i- 
Inutlon  In  the  volume  of  the  am.  These  are,  a  deep  In- 
spiration, muscular  movement  and  mental  worX.A  typical 
effect  oj"  a  deep  Inspiration  occixred  at  the  1070  tleth 
second  in  experiment  X.  This  diminution  In  the  volume 
of  the  arm  se  ms  to  he   due  In  part  to  the   negative 
pressure  in  the  plural  cavltv,  and  m  part  to  the  con- 
traction of  thea?  respiratory  muscles,  Uit  I  believe  the 
larp;e.3t  factor  in  the  production  of  this  reaction   Is 
the  change  in  the  mental  condition  of  the  subject , which 
usually  accompanies  an  insplr-^tlon  of  this  Xlnd.On  such 
occasions  the  subject  is  usually  dro-.Tsy.  With  the  deep 
Inspiration  the  mind  brightens  terapor^rl*i^ly.  it  :vould 
se-m  that  there  Is  a  constrlC'  Ion  of  the  perlp;:eral  ar- 
t3rl33,  causing  the  Increased  flow  of  blood  to  the  brain. 
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Ti'}  en  a  deep  insi/lratlci.  occurs,  rhlle  the  tUid  in   Lrlpht , 
there  lo  seldo.n  ^ny  very  larp;e  decrease  in  the  volume  of 
the  arm.  I'  Is  i-osslcle  thit  -ffhen  thl3  change  occurs  dur- 
ing an  odor  stlnulatlon,  the  stlnnilat loi,  al.oo  take;^  part 
In  Its  production,  "cut  If  so,  the  effect  of  the  o.^.or  can- 
not Tell  Le  Isolated.  It  Is  better,  therefore, for  present 
purposes,  to  discard  such  reactions.  At  the  2940  tieth 
second  In  experiment  VI  I  req;iested  t)^e  subject  to  move 
his  foot,  ynilch  he  did  d\iring  the  follo-ving  50   seconds. 
The  heart-x-ate  inniiediately  changed  fror-  72  to  32,   and 
a^t.?r  30  seconds  gradTzaliy  retur'  ed  to  its  fomer  rate. 
This  sudden  increase  in  heart -rate  caused  a  transitory 
Increase  of  o.5  c.c.  in  the  volvune  of  the  arm  folloired 
cy  a  decrease  of  i;-:  c.c.  ir  5  0  seconds.  In  this  case  it 
Is  proLaLle  that  the  effect  vms  due  in  part  to  the  iius- 
cular  worX  and  in  .-art  to  increased  mental  activity.Y/^vjn- 
evor  he  moved  his  foot  unconsciously,  as  he   sonetiraes 
did,  as  at  the  IG7  0  tl^th  second  in  this  experiment,  it 
produced  a  slight  decrease  In  the  volume  of  the  arrn;i;ut 
of  course  t'nere  was  not  nearly  the  same  amount  of  rauscu- 
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Inr  worlc  In  these  oases  as  In  the  instanr^e  referred  to 
above. 

The  ourve;j  furnish  mimero\i3  Illustrations   of 
the  effect  of  nental  worX.  It  al'vays  causes  a  dearease 
In  the  voliune  of  the  arm.  A  typical  instance  of   this 
ooours  at  the  1 00  dreth  second  In  ex"pGrlr.ier.t  V.  •Some- 
tines  the  fall  13  preceeded  Ly  a  transitory  rise  as  at 
the  Ij9  0  tl^th  and  2940  trteth  seconds  In  experlnont  VI 
cut  In  all  such  cases  the  rl  5e  1;  evidently  .iue  to  a 
sudden  acceleration  of  heart -rate.  Besides  these  chanp^es 
which  can  Le  deflni+ely  accour.ted  for,  V.'a   records  of 
this  serie:;  of  experiments  shov  a  nuiiLer  of  other  var- 
iations m  the  volume  of  the  arm.  The  f?;eSeral  movement 
of  the  curve  has  already  i;een  discussed.  In  all  t:ie  cur- 
ves small  oscillations  occur  every  fe-v  seconds  vfhlch  are 
very  much  more  pronounced  in  some  records  then  in  others; 
cut  which  remain  pretty  rauoh  the  same  throup;houl  the  en- 
tire extiTit  of  t:\e  same  record.  These  facts  indicate  that 
they  are  Influenced  cy  the  condition  of  th-e  sulject  rather 
than  Ly  any  particular  stimulation. 
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VThen  due  allowance   1^5  made  for  all   theue  ohanp;o3 
do  the  recordis  of  thlj   series  of  experlnonts  present  any 
evidence  o^   piire  odor  reactions? 

White  helitrope,  wood-viulet,  y/ Inter-green,  and 
iTiusX  ".'ere  chosen  as  specimens  of  pleasant  odors;  sTcatol 
and  mdol^  as  unpleasant  odors.  Tv.e  subject  enjoyed  the 
first    four  v  ?ry  r.iuch  and  dlslilced  the   latter  two, 

0 

Kelltrope  was  adiuini stored  at  the  1ZG3   th  second 
in  experir:ent  V;  at  the  220  t4-eth  and  274  0  tteth  seconds 
In  experlnont  VI;  at  the  210  th  and  2800  dr<?th  seconds  in 
exi^erlracnt  VII;  at  the  45  th  second  in  experiment  VI II; at 
the  350  -fc-teth  and  I9I0  th  second  in  experiment  XI. In  none 
of  these  instances  Is  there  any  clear  evidenc  :  of  a  reac- 
tion. There  is  not  one  feature  corii-.on  to  -"hese  various 
curves,  There  is  scare 'ily  a  resemLlanc:'  L(?tv/een  any  two 
of  then.  The  only  a'oproach  to  a  resem'i  lance  anor.g  them  is 
the  upward  tendency  of  the  curve;  "cut  this  is  in  the  <'en- 
eral  direction  of  the  curve  and  evidently  not  due  to  the 
stimulation. 

0 

What  has  ho^n   here  been  said  of  helitrope, applies 
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"vlth  eqiJal  foroe^  to  the  other  fivi;  oclorts  ment  loned. Vio- 
let rra:;  a:lnlni.;terRd  at  the  4S0  t4+?th  seooni  In  exiicrl- 
ment  VI.  The  voliuiic  of  the  im  lnorea;:'.ecl  S  0.0.  In  the 
first  50  seoond.g  ar:"  deoreaaecl  4.5  o.n.  in  the  follow- 
in^  30  aeconcin;  It  f"en  Inrireasecl  to  the  end  of  the  atln- 
ulation.  Indol|j  'vas  administered  at  'he  9:'j0  t4reth  seoond 
in  the  same  expex'lnent  v;lth  very  aii-Ular  results.    At 
first  siKht,  these  looX  lihe  odor  reactions.  But    it  '.Till 
be  seen  that  tho  five  other  slrillar  falls  ooour  in   the 
first  lOCC  seconds  of  this  experiment's,  at  approximately 
equ-«l  intervals  of  tine.  The  first  t^'/o  falls  ooour   be- 
fore any  odor  -ras  administered;  the  third,  fifth, and  sixth 
occur  in  intervals  Let',7e;?n  stiniilatior.s.  The  latter  por- 
tion of  the  curve  presents  a  similar  serie.5  of  falls.  Be- 
sides, if  the  falls  occii^inp;  durlnp;  the  Vl>;let  and  Indol4 
stinnilations  'vere  odor  reactions  we  v.'onld  expect  that 
they  -vould  occur  -.Tlth  som;.^  regular  Lty  in  repeated  exper- 
iments on  the  subject;  but  such  is  not  th.e  c\se.  It   is 
altogetiier  prouahle  therefore  that  we  are  not  here  deal- 
Inf^  '.Tith  sensory  reactions,  but  Yith  rhytlimic  contractions 


of  the  tlood   vo33el.3.    A  oonparluor.  of  th?  curves  oLtalned 
ty   repeated  applloat  loni^  of  any   one  of  these   ;5lx     odora 
'7111  niaXe   It    olear  th-it    If  the   :;t Irnilat ioTi  had  any      ef- 
fect   on   the  voliu-ie  of  the  am  it    is  very   thoroughly  mask- 
ed by   other  novencr.t  ;  of  the  curve.    If  the  odorfj     really 
produce  any   charaoterlritic   effect ;5  they  would  cone     out 
In  a   composite  curve  made  from  a    large  nura'i  er   of  exper- 
iments.   I   have  not   y(?t   ■^.   sufficient   number  oi    experiment. 5 
to  p;ive  any   value  to   3uch  a   composite   curve. 

The   experiments  n;lv  >n  here  are   essentially   simi- 
lar to  a  n  imler  of  other   oxperimi.'nts  made  on  the        same 
subject,    all   of  ^vhich  wer^i   cor.diicti?d    'rith  threat   C:ire;but 
the  resTilts   obtained   do  not    justify  any   such  conclusions 
as  those  -'/hich  Lehmann  deduces  from  his  experiments. 

"   Jeder   lusterrer^ende  i;indruc>.   erze\if,t   eine 
Verprro^iseriuiP!;  des  Voliunens  des   Armes  und  der  ilohe  der 
elnselnen  Pixls  ichlaf^e  necst   elner  Verp;rosserimf;       der 
Tlefe  dos  Ater.iholens.  "I ) 

*  Elnfache,   ui.lusterret^ende  S  InneseindrucXc 
rufen,   v/enn   sle   sch'irach   sind,    sor;lelch  eine  Veriiinderung 

....      / 
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des  Arnvolun«?n3  unci  der  liohe  der  eln^^elnon  Rxla.jo'niage 
hervor.    Daa  Voliunan  mlraint   bald  wloxler  zu,    trotz        der 
VerXloinerim^-  der  P\ilssGhlage,-ih3?©  und  uierschreltet 
p;e'noy\lloy\  die  Horn,   v/enn  dlf?  Pulcsohlage   ihre  vorlge 
Gro33e  errelcht   haben,    die  uurle;ons   In  allgenelnen 
OLcnfalls  ULcrdt^hrltten  Tlrd.    Bel    starXeren,    acer  dooh 
nioht    'ohj-ierzhaften  ElndruoXen  treten  diese  Veranderun- 
gen  ■lehr  hGrvor  und  werden  zuglelch  urjtilttellar  nach  An- 
fang  der  Helzun^  von  elnlgen  tiefen  AtenLeifegungen  beg- 
leltot."   2) 

"  Elnfache  lustbetor.te  s  Innesempf  Indungen  war- 
den von  Glner  GefasaerTelteruns;  begleltet  und  vlel^lelcht 
auch  zuglelch  von  elncr  Vergrosseriing  des  Untfanges  der 
Herz'<ontra:<tlonen  In  Verblndung  lult  elner  Erhohung  der 
Innervation  der  17 lll'cur lichen  IvIusXeln,  jedenfalls  der 
AtrnungsnusXeln.    "   '6) 

f<n   ln3por!tlon  of  the  curves  of  tl^fls  ueries  ?/ill 
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2)  Ib-Id.    P.8&.    V 

3)  Ibll.    p. 
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satisfy  one,  that  none  of  thei^e  stater.ientn  It;  true  of 
them.  liGli^trope  ar.d  wood-v  lolot  are  certainly  ploaaant 
odors  and  -.Ter  enjoyed  ly  the  .vaLject  '•   yet^  t'-:e  volume 
of  the  anu  dlpjinl.:hi-d  quite  as  often  as  It  Increased, 
during  their  application.  Indol^  and  sXatol  are  unpleas- 
ant odors,  yet  the  volume  of  the  arm  frequently  inrireas- 
ed  durlnj^  the  first  t'rrr   seconds  of  their  application 
and  then  decreased.  It  Is  not  certain  hOT/ever  tha-i   any 
of  these  chavp^es  were  pure  odor  efi'ects. 

The  second  series  of  experiments  were  laade  on 
12  students,  rant^^lnp^  from  20  to  30  years  of  age, Each  ex- 
periment lasted  aLout  m  hour.  The  same  odors  a;  d  acids 
were  used  as  In  the  former  experiments.  Tliere  are  some 
features  common  to  all  thes,-  experiments. 

In  the  first  couple  of  experiments  with  each 
siibject  the  curve  exhlLlted  very  little  of  tlie  tendency 
to  rise  ',7hich  const it\ited  such  a  pronlrAnt  feature  of 
the  first  series  of  experiments;  Lut  this  tendency   oe- 
came  more  prono\inced  in  the  3  rd  and  4  V\     experiments. 
Where  the  general  tendency  of  the  curve  is  up'.vard  the 
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he-^rt-rate  alt;o  Leoone^   slo'ver  an:l   steadier.    This     aup- 

thixi 

ports  the  vie?;  advanced  aLove^  the  gradual  InoreaS'?  In 
the  volume  or  the  arm  and  the  slowlnj^  of  the  heart-rate 
are  due  to  the  diminished  mental  activity.  The  siTall  os- 
c^llallons  In  the  curves  are,  as  m  the  former  series, 
characteristic  of  th  •  experiment.  They  are  much  more 
prono.mced  In  some  experiments  than  in  others,  cut  re- 
irnln  pretty  constant  thro-ii.^hout  the  entire  extent  of  the 
same  experiment. 

The  reactions  In  all  the  experiments  are  In  the 
same  direction,  i  ut  tliey  vary  In  extent  'rrllh  the  differ- 
ent sucj^cts,  v;ith  the  suLJect  at  different  times,  and 
with  the  different  stimuli. 

Plate  XII  •.7111  serve  as  an  illustration  of  the 
reactions  obtained  from  subjects  -.vho  are  sensitive  to 
odors.  This  was  the  3rd  experiment  on  Kr.D.  'vho  is  a 
student  about  22  y.rars  of  ago,  of  rather  slight  build, 
and  nervous  temperament. 

The  amplitude  of  the  pulse  wave  diminished  to 
about  or.e  half  at  the  first  odor  stimulation,  and  .  not 
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again  return  to  Its  orlf^mal  size.  The  heart-rate 
slows  up  consldtjraLly  durlnp;  the  -xperlnent.  The  p;ener- 
al  tendency  of  tho  volume-f^urv  ?  la  sllPihl  ly  up^rard. 

The  3Uujcot  vfRH   re/itlnp;  qviletly,  "/ith  his  am 
In  the  cylinder  for  10  or  15  tulnutes  "i.efore  the  record 
was  'i.ep;un.   Diirljip;  this  time,  and  for  the  flr;5t  570  sec- 
onds of  the  record  Itself,  'hi?  volume  oj'  th^  arm  increas- 
ed slowly,  '.vlthout  exhibiting  any  very  marlced  changes, 
llelitrope  ';yas  administered  from  the  370  ttet^:  to  the  725 
th  second.  During  the  first  50  second;?  of  thiJ  period 
t'-.e  volume  of  the  atra  decreased  19.5  o.c.  It  increased 
alout  I  c.c.  during  the  follo.ving  5  0  seconds,  and  14  c. 
c.  during  the  next  I.-55  seconds.  This  -m  >  follo-ved  "ly  a 
fall  of  4  4.5  c.c.  In  25  seconds  and  a  rise  of  7.5  c.c. 
in  100  secSonds.  The  prompt  fall  at  th^  Veglnning  of  the 
stimulation,  and  the  fatii^gue  effect  after  aLout  100 
seconds,  are  pretty  good  evidence  that  this  Is  an  odor 
reaction,  e  rpeclally  "fnen  it  Ir,  ta'cen  in  conned  ion 
with  the  a  charact(-r  of  the  curve  pr',^vlou3  to  the  stim- 
ulation. This  conclusion  Is  confirmed  I  think  Ly   the 
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fnct    th-it   a   .sli'ill-^r  rearitlon  -vas  OLtaiiied   evi.'ry   tine  I 
usei   this  o.-'.or  (bn  ^'r.O.    Ttto   other  ht^lltropo  atlmulatlons 
orjour   In  this  rerjord  with  results  very   slnillar   In   v3very- 
thln-T   u\it   extent;    and  this  dlfferlnoe   is^at    least  parti- 
ally, aooounted  for   lv   the  fiot   that   at   the  740  IHreth  sec- 
ond I  noved  the  terrainai  plate  farther  frou  tjie  siiLji^ot's 
nose   :;o  as  to   dmlnlsh  consldorably  the   strens^th   of  the 
stliiulation. 

The  fall   of  18  o.T.   vThioh  ocv-sured  bet-Areen     the 
740  tleth  and  the  790  ti^th   second   Is  a  laental   reaction 
caused  Ly  rjji  speaXing  to   the   sul;.i'=5ct,    and   readjusting 
the   terninal   plate.   Y/heii  the  volume  of  the  arm  hagr  re- 
turned to  about    Its  former  condition  and  seemed   inclin- 
ed to   reirain  pretty   steady,    I   turned   on  wood-violet  .It 
will  be  seen  that   the  reaction   Irs  very   slnilar  to     the 

0 

pr<^vlous  helitrope-reactlon,  only  less  extensive-There 
is  a  fall  of  8.4  o.c.  in  the  first  30  seconds.  I"  remains 
do-/7n  about  25  second.j,  and  increases  o.o  c.c.  in  7  0  sec- 
onds '.Then  a  second  fall  of  3.7  c.c.  oocurs. Winter-green 
was  turned  on  from  the  I2G5  th  to  the  1440  tleth  second, 
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the  reactcbon  la   very  siiallar  to  tho  previous  vloiot-re- 
aotlon,  In  every  re.5i;oot  Int   the  extent  of  the  neoond 
fall.  I  had  requested  the  siibjoot  Lefore  the  exporlraent 
tefmn  to  leave  his  riln-l  as  Ll^nnX  as  "possllle,  and  not 
even  to  speculate  a"i  out  the  nature  of  the  odors. Th(^  re- 
actions '.7ere  so  larpce,  hoTever,  that  I  suspected   the 
pr'33enr;e  of  a  mental  reaction,  and  accordingly  at  the 
15  03  cbreth  second,  I  turned  on  a  current  of  odorless 
air  strong  0nou?;h  to  Pe  felt  on  his  face.  T/hen  the  ex- 
perlncnt  was  over  I  rouarked,  that  h  •  had  not  obeyed  my 
Instructions,  Lut  was  indulging  In  speculations   con- 
cerning the  odors,  lie  assured  p.ie  t'lat  such  ^-^as  the  case 
on  only  one  occasion  for  a  fe'v  seconds,  v/hen  he  felt 
the  air  coming  from  the  tuLe  Put  could  perclave  no  odor. 
This  irdlcatea  that  the  r^^actlons  in  the  other  instan- 
ces are  corj::ecte'I  In  some  -/ay  '«rlth  the  odors. At  the  IJ50 

0 

tloth   second,    helitrope  was  ag^tln  administered. There  7;as 
a  prompt   fall   of   10  c.c.    In  Z5   seconds,    folio-ved  Py     Itio 
quite   large  falls  during  the   course  of  th.e     experiment. 
After  an   interval   of  150  seconds  durir.g  -^hlch  time  th-re 
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Tas  very  little  ohange  In  V^e   volui-ae  of  tile  ana.  MuaX 

was  t\irned  on.  It  occasioned  a  .^ronijt  falx   of  3  o.c. 

In  20  seconds.  The  two  secondary  falls  ^vere  very  8lir,ht. 

SXatol  e  was  turned  on  fron  the  2340  tietli  tj  tlio  2740 

c 
tteth  second  without  -ny  apparent  effect  .llel  It  rope  wau 

administered  for  the  Srd  time  at  the  2730  tleth  second. 
The  reaction  essentially  similar  to  the  2  fonier  Instan- 
ces. I  spol^e  to  hlri  at  the  5030  t4reth  second.  An  aquain- 
tance  enet  ?red  at  t'ne  SI5  0  t4^th  second.  Kher^  the   svic- 
joct  had  quieted  down  I  turned  -su  fori^lc  acid  for  Z'3   sec- 
onds. I"  caused  a  fall  of  la  c.o.  In  50  ijeconds.Thl:;  re- 
cord and  a  niunLer  of  other  records  of  this  series  give 
abundant  evidence  o£   odor  reactions.  But  the  reactions 
whenever  present  were  al'.vay.i  In  the  sane  direction, 

Sunnary. 
The  nost  Important  outoono  of  'Ills  Invest l»^at ion  has  1  eon 
the  completion  of  various  Improverients  In  the  construction 
and  use  of  the  plethysnograph,  Ly  means  of  which  numerous 
errors  attending  the  uso  of  the  Instrument  have  loot,   elln- 


In-^tod. 

The  ro:3ult    of  the  ivor'k   ;5'no'.7.^.  that   all   olfaotory 
sensations,    In   r,o  far  a.;   they  i^rodiioe  ar^y   offerit   throup;h 
the  vaso-raotor   system,    tend  to  dlr.Unliih  the  volume       of 
the  arm  and   therefore  presuinaLly   cause  a  congestion     of 
the  train.   Whenever  the  st inula-:  ion  oooasiono  an  Increase 
in  the  volume   of  the  arm  as   sometimes  happens   it    seems 
to  be  due  to  accelZcration  of  the  heart-rate,   which     of 
course  t ^nds  al:;o   +0    increase  the   supply   of  Llood  t'o  the 
brain.   The  effect   varies   in  extent  wltli  different    individ- 
uals and  -vith  t:\o   s^me   individual   at   different   tines. The 
effect  7Pft«  most  narked   in  subjects   .sensitive  to  odors. 
Irritant   varjors   such  as  formic  acid  ha.V  a  marlced   effect 
In  the   same  direction.   Tiic  experiments  give  no   support 
to   the  vie?,'  that  pleasant    sensations  are  accompaiiied 
by  a   diminution   in  t'le  "i  lood   supply   to   the  brain  and 
unpleasant    sensations   lv   th-^   reverse  effect. 

In  all   nv   experiments  mental  •■rorX   caused  a  raarXec. 
and  prolonged  diminution   in  the  volume  of  the  arm.    This 
vaso-motor   effect  '.va;;   somrtimes  proceeded  by  a  transitory 
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Inoreas?   In  volxime  of  t}ie  arm  caused  Ly  acoel/orat  Ion 
of  heart-rate. 


ThOinas  Ed'.yard  Shields  was  Lorn  upor.  the  9   th  of  Ilay,    In 
the  year  133^  at   llendota,    one  oi"  the   3uLurL,3  of  St. Paul, 
I.'lrjiesota.    In  IB82  he  entered  the  sophiaore  class     of  St. 
Francis  College  KllTraulcee  and   remained   there  until   IB85, 
corai^letlng   Its  classical   currl«uluin.In  Septeni  er,    1385, 
he  began  his  ptillojophlcal   studies   in  the     theological 
seminary   of  St.    Thomas   Aquinas  at  St. Paul. Here  he  pass- 
ed  six  years;  2  v^ars   in  the  sludy  of  "!ental  Philosophy, 
Ethics,    and   the  physical   sciences;    and  4  yers   in  the 

A 

study  of  Theolor;y-  Dogmatic  and  Moral-,  and  the  accom- 
panying branches  of  Koly  Scripture,  Churcli.  History, and 
Canon  Law.  Ke  was  ordained  priest  upon  I.Iarch  14  •'h  I89I; 
and,  An  the  following  June,  was  assigned  as  Curate  to 
the  Cathedral  of  St. Paul.  After  fourteen  moriths  in  th.e 
active  ministry  th.ere,  he  came  to  Baltimore  (in  Septem- 
ber 1892),  received  the  degree  on  Master  of  Arts  from 
St. Mary' 3  University,  and  began  his  studies  in  the  Bi- 
ological Departncnt  of  the  Johns  KopXins  University, 
in  October  of  the  same  year. 
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